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PUBLISHERS'  NOTE  TO  THE  TENTH  EDITION. 


A  text-book  which  has  reached  its  tenth  edition  stands  in  no  need 
of  introduction.  Its  vigor  and  vitality  bespeak  a  quality  which  has 
won  the  favor  of  students  and  professors  alike,  namely,  a  simple,  clear 
and  adequate  presentation  of  this  groundwork  of  medicine.  Pathology 
has  undergone  a  transforming  growth  during  the  present  generation 
and  Green  has  followed  in  revisions  so  frequent  that  its  pages  might 
always  Ik*  consulted  for  the  recent  position  of  its  science.  This  is 
equally  true  of  the  new  edition  which  now  carries  this  sterling  work 
forward. 
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PREFACE  TO  THE  TENTH  ENGLISH  EDITION. 


The  Ninth  Edition  of  this  text-book  was  thoroughly  revised  and 
largely    rewritten    by    Dr.    Montague    Murray,    and    the   chapter   on 
"  Diseases  of  the  Nervous  System  "  was  similarly  treated  by  its  origi- 
nal author,  Dr.  F.  W.  Mott,   F.R.S.     Hence  the  work  of  preparing 
the  present  edition  has  been  conijyaratively  light.     The  text  has  never- 
theless l>een  carefully  revised   throughout,  and  considerable  additions 
have  l>een  made — additions  rendered  necessary  by  the  progress  achieved 
in  the  last  few  years  in  certain  departments  of  |>athology.     These  have 
lieen  most  notable  in  the  fields  of  animal  parasitology  and  of  immunity 
to  infectious  diseases.     I  have  also  had  the  advantage  of  studying  the 
syllabus  of  subjects  required  by  the  University  of  London  from  candi- 
dates in  pathology,  and  have  added   in  accordance  therewith  a  short 
chapter  dealing  with   "  Auto-intoxications  and  Nutritional   Diseases." 
A  few  of  the  older  illustrations  have  been   replaced  and  several  newr 
figures  added  ;  for  these  I  am   indebted,  as  my  predecessors  have  been, 
to  the  skilful  draughtsmanship  of  Mr.  T.  P.  Collings.     Messrs.  Cassell 
&  Co.  have  kindly  permitted  me  to  reproduce  some  diagrams  illus- 
trating the  phenomena  of  immunity  which  appeared  in  my  book  on 
"  Serums,  Vaccines  and  Toxines  "  published  by  them.     My  thanks  are 
due  to  Dr.  J.  M.  H.  MacLeod  and  to  Dr.  Cuthbert  Lockver  for  the 
loan  of  sj>ecimens  for  illustrations  ;  the  latter  has  also  been  good  enough 
to  write  for  me  a  short  paragraph  on  "  Diseases  of  the  Ovary."     My 
s|x*eial   thanks   must  l>c  expressed   to  P.  L.   Daniel,  Pathologist  and 
Curator  of  the  Museum   at  Charing  Cross  Hospital,   who   has   most 
kindly  read  through  the  proof-sheets  of  this  volume,  and  has  helped 
me  in  innumerable  instances  with  his  criticism  and  advice. 

I  cannot  refrain  from  expressing  the  pleasure  which  it  has  afforded 
me  to  be  entrusted  by  my  old  clinical  teacher,  Dr.  Green,  with  the 
task  of  preparing  a  new  edition  of  his  well-known  Manual.  I  am,  how- 
ever, onlv  too  conscious  that  the  standard  set  bv  former  editors  is  so 
high  as  to  render  the  attempt  to  follow  them  a  truly  formidable  task. 

WM.   CECIL   BOSANQUET. 
April,  1905. 
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PATHOLOGY  AND  MORBID  ANATOMY. 


INTRODUCTION. 

PathoijOOY  is  the  branch  of  science  which  deals  with  the  Nature 
and  Causation  of  Disease.  Just  as  anatomy  and  histology  investigate. 
the  naked  eye  and  microscopical  structure  of  the  healthy  body,  while 
physiology  examines  the  functions  of  the  parts  revealed  by  them,  and 
studies  tin-  chemical  processes  which  constitute  healthy  life,  so  in  the 
realm  of  disease  we  have  corresponding  divisions — morbid  anatomy, 
morbid  histology,  and  pathology.     At  post-mortem  examinations  we 

r all    the   naked-eye  departures   from    normal    anatomy;    with  the 

nieroecope  we  disoover  the  finer  changes  to  which  these  departures  are 
due ;  nod  by  experimental  methods  and  bedside  observations  we  in- 
vestigate the  causes  of  the  abnormal  structure  and  function,  their  mode 
of  action,  and  the  nature  and  sequence  of  the  disturbances  which  they 
produce, 

All  complex  organisms  can  be  reduced  to  very  simple  elements — 
the  ceth  and  the  in/i-rcHi'far  .-)th«Uinc&  to  which  they  give  origin. 
Among  the  latter  we  must  include  the  fluids  with  which  the  cells  are 
bathed,  containing  both  the  nutrient  materials  tor  the  cells  and  the  ex- 
cretory products  formed  by  the  latter.  It  is  now  universally  believed 
that  tin1  individual  eelt  is  the  seat  of  nutrition  and  function. 

In  pathology  we  have  to  deal  not  with  new  tissue-cells  and  func- 
tions, but  simply  with  disturbances  of  those  which  normally  exist. 
The  cells  met  with  in  morbid  formations  can  marly  always  be  shown 
spend  with  forms  which  occur  in  health  at  some  stage  of  de- 
velopment :  and  even  the  products  of  morbid  degeneration  of  cells 
x-ctn,  as  a  rule,  to  have  physiological  prototypes.  In  other  words, 
pathological  processes  differ  only  quantitatively  from  allied  physiolog- 
ii.il  proeeeaee.  New  forms  of  cell-life,  both  animal  and  vegetable,  are 
frequently  found  within  the  body  ;  but  these  are  parasitic,  introduced 
IV' ■  hi  without,  and  are  causes,  not  products,  of  disease. 

In  (be  study  of  living  things  we  have  to  consider  two  factors — the 
living  organism  and  its  surroundings  or  environment.  The  latter 
includes  air  to  breathe,  water  to  drink,  food  to  assimilate,  and  warmth, 
I  other  physical  conditions  necessary  to  existence.  An  organ- 
oid which  is  suited  to  its  surroundings,  and  readily  reacts  to  changes 
in  the  latter  in  such  a  manner  as  to  prolong  its  own  existence,  is  said 
to  he  healthy.      By  the  study  of  many  individuals  we  arrive  at  a  general 
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idea  of  the  phenomena  which  constitute  healthy  life:  this  is  not  i 
i ajiii  standard)  hut  admits  of  »  certain  range  of  variation  in  tin*  i 
pactions  both  of  excess  ami  of  defect.  Any  departure  from  the  nor- 
mal response  t<>  stimulus  which  goes  beyond  this  range  oonstttatM 
disease.  A  definition  >•/  disease  \~  not  easy  to  construct,  bat  ii  may 
(or  practical  purposes  lw  roughly  defined  as  any  state  of  a  living  or- 
ganism in  which  ii  fails  bo  respond  normally  to  the  conditions  of  B 
environment  ;  or,  in  other  words,  in  which  there  is  a  failure  of  s 
of  its  nunnal  activities. 

The  existence  of  disease  if  manifested  to  outside  observers  bj  [ 
ecptiblc  alterations  in  the  condition  of  the  sufferer,  and  to  the  i 
aatounBBi  of  the  latter  himself,  in  the  case  of  man,  by  disturbed  i 
-aiM'ii- ;  these  objective  and  subjective  phenomena  constitute  tl»  s 
and  symptoms  of  disease.  Disturbances  which  attract  the  attention 
of  the  sufferer  hiraself  are  usually  termed  symptom*;  those  which  are 
dhnovi  red  by  the  observation  of  others  are  called  mono.  As  instance! 
of  the  former  we  may  mention  pain,  giddiness,  and  nausea j  of  the 
latter,  bardneaB  or  swelling  of  a  part  and  abnormalities  in  the  notmdi 
which  are  heard  on  listening  over  the  surface  of  the  chest,  or  which 
■n  elicited  by  tapping  upon  it  with  the  fingers.  There  is  no  eaaentia] 
dhfeKoet  between  the  two  classes  of  phenomena  ;  many  disturbances 
an  perceptible  to  lx>th  sufferer  and  observer,  such  as  palpi  ration  of  the 
heart  vomiting,  or  staggering  gait. 

Experience  lias  shown  that  the  signs  of  disease  lend  to  occur  in 
definite  troops,  *>r,  in  other  words,  that  many  different  individuals 
sutler  from  similar  combinations  of  perverted  vital  activities.  These 
gnni]»»  of  symptoms  come  to  form  distinct  ideas  in  the  minds  of  obeen 
era,  and  each  group  is  called  "  ditto**,  and  is  labelled  with  a  distinc- 
tive name.  Tlim-  the  sodden  onset,  in  a  previously  healthy  person,  of 
[Klin  in  the  side,  shivering,  rapid  breathing  and  fever  forms  u  group  of 

phe hi  na  sufficiently  characteristic,  and  recnirring  with   sufficient  I'n- 

ouudo]  to  attmel  attention.  In  coarse  of  time  this  group  was  recog- 
u in 1 1  H  "a  disease"  distinct  from  other  groups  of  symptoms,  and 
received  the  name  of  pneumonia.  Hut  further  observation  showed 
that,  in  persons  who  died  after  presenting  sued  symptoms,  some  por- 
tion »f  one  <>r  both  of  the  longs  was  altered  in  structure,  so  at  to 
.i|i|«  ir  solid  Instead  of  spongy  :  and  this  underlying  physical  condltioo 

■■■ tn  form  part  of  the  idea  of  the  disease  :  indeed,  in  conditions  in 

which  wcll-markn!  Btructural  alterations  are  found  to  exist,  these  (bra 
a  more  important  part  of  the  connotation  of  the  name  applied  to  the 
Condition  than  d"  the  external  manifestation*,  which  are  liable  !<>  V*IJ 
considerably  in  individual  instances. 

As  knowledge  advanced  still  further,  constant  precedent  conditions 
oremwes  became  recognised  as  associated  with  certain  diseases:  thus 
it  «:i-  noted  thai  exposure  to  cold  often  preceded  an  attack  of  pneu- 
■  liile  in  recent  years  il  has  been  discovered  that  many  disease! 
are  the  effects  prodnued  npon  the  body  by  the  invasion  of  minute  vege- 
table  or  animal   organisms,    which   grow    in   the   fluids    of    die   living 
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t  i  —  ii--  and  product)  poisons  capable  of  injuring  the  component  cells. 

Piffercn!  |i:iiti>iiic  organisms  arc  found  to  be  responsible  for  different 
iljnmwmi  The  question  then  arises,  whether  we  are  to  include  in  the 
definition  of  a  disease  the  cause  which  produces  it — whether,  for  in- 
stance, the  term  "diphtheria"  should  be  limited  to  cases  of  sore  throat 
in  which  a  certain  bacillus  is  found,  or  should  continue  to  he  applied 
to  all  cases  of  sore  throat  in  which  there  is  formation  of  a  false  mem- 
brane in  the  fauces.  The  tendency  at  the  present  day  is  in  the  direc- 
tion of  defining  diseases  according  to  their  causes  ratiier  than  according 
to  their  clinical  features;  but  it  is  well  to  recognize  that  by  so  doing 
WC  arc  altering  the  connotation  of  well-established  medical  terms. 

Varieties  of  Disease. — Distinguishing,  as  we  have  done,  the  liv- 
ing oigsnism  from  its  surroundings  or  environment,  we  see  at  once  that 
■  -  - 1 1  j  — •  ■  -  of  disease  may  lie  roughly  classified  into  CO  those  arising  out  of 
deiects  In  the  original  constitution  of  the  individual,  or  hereditary  dis- 
ease :  and  (/•)  those  produced  by  abnormal  or  hurtful  external  circum- 
or  acquired  disease.  Thus,  on  the  one  hand,  a  person  may  be 
born  with  gross  or  minute  structural  detects,  rendering  some  organ  in- 
capable of  performing  its  normal  function;  or  certain  of  his  [issues 
may  he  defective  in  that  they  rapidly  degenerate  or  wear  out.  On  the 
other  hand,  injury  may  lie  inflicted  by  external  agents— by  cold,  beat, 
or  mechanical  violence,  by  poisons  taken  iti  with  the  food,  or  by  the 
entrance  of  parasitic  organisms.  When,  however,  we  look  a  little  more 
ntoeely  into  the  matter,  we  find  that  no  definite  line  can  be  drawn  between 
these  two  classes  of  diseases.  Tims  a  parasitie  organism  may  lie  unable 
to  establish  itself  in  the  body  and  induce  disease  except  in  the  pres- 
ence of  some  hereditary  defect  in  resisting- power  on  the  part  of  the 
individual  ;  while  tlu>sc  who  are  the  subjects  of  manifest  hereditary 
may  be  able  to  survive  if  their  surroundings  are  modified — 
as  premature  babies  tnav  he  reared  in  artificial  incubators,  or  "bleed- 
ers "  may  saner  no  inconvenience  if  protected  from  all  jmssible  sources 
of  mechanical  injury — the  congenital  defect  consisting  in  a  failure  of 
these  organisms  to  adjust  themselves  to  ordinary  external  conditions, 
which  in  these  eases  are  actually  injurious. 

The  two  classes  of  diseases  thus  distinguished  must  be  considered 
in  rather  more  detail. 

Inherited  Disease. — The  tendency  to  inherited  disease  either  exists  in 
the  ovum  at  the  commencement  of  development,  or  is  acquired  by  the 
ovum  in  fertilization  ;  tendencies  formed  later  are  obviously  acquired. 
As  in  normal  development  certain  organs  manifest  their  inherited  ten- 
many  years  after  birth — '■.  g.,  the  development  of  the  female 
generative  system  at  puberty  and  its  atrophy  at  the  menopause;  so 
inherited  tendencies  to  disease  may  not  show  themselves  until  late  in 
iife,  as  is  the  ease  in  cancer  of  the  breast  or  of  the  uterus.      It  is  possible 

that    In    many  wises  the  same  unrecognized  < ditions  which  induced  in 

a  |iarrut  the  morbid  tendency  handed  down,  continue  to  act  on  the 
ofispring  until. — with  or  without  some  obvious  exciting  cause — the 
ili-r:i-e  becomes  evident.      We  cannot  say  when  this  tendency  to  disease 
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begun:  it  may  have  l»een  slowly  jraininp  strength  for  generations. 
tact  that  no  progenitor  had  the  aunts  in  question,  if  he  or  she  liv 
Vkfll  past  t!ie  age  nt  which  such  disease  usually  manifesto  itself,  shows 
Simply  that  the  muses  had  nut  acted  long  enough  or  witli  sufficient 
energy  tn  produce  it.  It  is  Important  to  recognize  that  even  inherited 
disease  baa  its  stsjting*pouit  in  conditions  external  to  the  cells  of  the 
hotly.  We  must  also  bear  in  mind  that  every  Individual  is  ths  uiauring 
ill'  two  parents,  from  both  of  whom  characters  an'  inherited.  Thosi  oj 
DIM  parent  may  either  Ik1  neutralized  by  opposing  characters  in  the  Other 
parent,  or  may  lw>  reinforced  If  identical  tendencies  exist  on  both  lids*. 

With  regard  to  the  actual  mode  in  which  disease  is  inherited,  it 
in  some  cases  probable  that  the  poison,  the  actual  cause  of  the  dh 
is  proaenl  in  the  OVUM  or  spermatozoon,  as  has  been  shown  to  bt 

I  ba  silkworm  ntnmiTn  (Pantmr)       But  how  disease  and  tendon- 
I'ii-   bo  dlSBMea  whiefa  are  not  due  to  auy  sitecitic  poison  are  liuiid* 
down,  we  know  no  BOM  than  how  it  is  that  children  inherit  the  fcatm 

•  it    ill.  ir    |Mlrll!-. 

Often,  do  actual  disease  is  inherited,  but  the  power  'it'  ifftinhiitnti  ol 
certain  tissues  against  the  causes  of  certain  diseases  (r.  g.,  tubcnli*)  i- 
muri'  or  hm  impaired  ;  or  toe  assuee  degenerate  early,  especially  in 

the  fatty  or  Oalaar i-  manner,  so  that  many  members  of  a  family  may 

die  at  about    the  BUM  age  from  fatly  heart  or  from  a  niptun.il  artery 

Acquired  Disease. — Diseases  occurring  hi  an  organism  or  part 
scssed  of  normal  vital  energy  must  necessarily  be  the  result  of  external 
conditions.  Tl hief  causes  of  acquired  disease  are  •  mechanical  inju- 
ries, extremes  of  heat  and  cold,  alterations  in  the  pri'ssure  of  tin-  atnn>- 

iphi  re,  elsctrkal  shocks,  defective  food,  lack  of  air  and  sunlight,  miawil 
and  vegetable  poisons,  and  parasitic  organisme.  In  pathology  the  <)is- 
tinciion  popularly  drawn  between  "injury"  and  "disease"  cannot  be 
maintained. 

Dilantin   may  bt  iOqnJnd   during   intrn-uterine  life; — r.  g.t   variola, 

syphili-,   tuliereuln-is. 

Oeneral  and  Local  Disease. — Any  change  in  external  ooodittODa 
toting  upon  a  unicellular  organism  would  probably  affect  every  particle 
of  its  mbstBDoa  and  modify  all  its  functions;  all  it-  diseases  wooH 
therefore  be  f/mmiL  iiut  multiplication  of  cells  and  specialization  of 
functions  enable  abnormal  conditions  to  act  upon  certain  groups  of  Calls 
and  l.i  disturb  their  functions  without  affecting — primarily,  at  least — 
Hum  of  other  groups.  We  thus  get  heal  disease  ;  and  the  groat  um- 
juriiy  nf  diseases  belong  to  thn  triass, 

The  comphrte  healthy  life  of  t  coll  consists  in  the  perfect  perfown- 
■BjOtofall  lot  functions.  For  this  ii  is  oeceraary  no)  only  that  its 
structure  and  vital  energy  should  be  normal,  but  that  the  nutriment 
which  it  receives  si Id  bo  sufficient  and  suitable,  and  that  its  sur- 
rounding renditions — pressure,  temperature,  and  connections  with  other 

•  l Id  I"    normal.     Ksilure  in  any  one  of  these  will  lend  to 

.  action  or  death  of  the  cell-  -often  spoken  of  a-  "disease  "  of 
the  cell — with  resulting  dtoesaa  of  the  organism  as  a  whole, 
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Disease  affecting  primarily  one  part  only  may  be  followed  by  see- 
oiulortf  affections  of  other  organs:  indeed,  it  is  probably  impossible 
for  any  "local"  disease  to  exist  without  disturbance  of  the  general 

eoo) is   though  this   may  Ik1  bo  slight  as   to  esoapa  the  notice   of 

observers.  As  an  instance  of  a  primary  local  disease  followed  by 
secondary  general  disturbance,  we  may  quote  Addison's  disease  or 
tabareolosis  of  tlie  suprarenal  bodies;  destruction  of  these  glands  is 
followed  by  pigmentation  of  the  skiu  and  vascular  disturbance,  with 
rapidly  fatal  result.  Many  diseases,  apparently  primary,  are  in  reality 
i  f  to  other  lesions  due  to  ill-recognized  causes.  Thus  mvx- 
oedtflM,  the  condition  arising  from  defect  of  thyroid  secretion,  is  in 
reality  a  secondary  condition,  the  primary  disejt.se  lieing  a  trophy  of  the 
thyroid  gland,  arising  from  unknown  causes  ;  and  paralysis  caused  by 
embolism  of  a  cerebral  artery  is  secondary  to  some  affection  of  the  heart. 

Structural  (Organic)  and  Functional  Disease. — A  disease  is  referred 
t«>  an  organ  or  tissue  during  life  by  its  symptoms  and  by  its  physical 
eigne  ;  and,  after  death,  the  localization  is  justified  by  the  discovery  in 
thai  part  of  the  same  structural  change  in  every  ease.  This  is  xlriict- 
Wralj  or  organic,  disease.  Diseases  in  which  no  visible  or  chemical 
change  has  been  found  are  sometimes  classed  as  functional ;  the  belief 
being  that  in  them  the  functions  of  certain  cells  are  abnormally  per- 
formed, without  any  structural  ehango.  Very  brief  reflection  shows 
that  ibis  conception  involves  an  impossibility,  since  the  function  of  an 
organ  or  cell  is  merely  alteration  of  its  structure — gross  or  minute — in 
to  stimulus:  consequently  the  same  structure  must,  under  identi- 
cal conditions,  always  perform  the  same  function.  "  Functional  disease" 
is  therefore  a  term  which  merely  denotes  morbid  conditions  of  which  the 
underlying  structural  (molecular)  changes  have  not  been  discovered. 

Etiology  Of  Disease. — The  causes  of  disease  are  often  divided 
into  i wo  classes — 1'rt'd'DfjKMtiny  and  Exciting. 

In  so  far  as  this  division  represents  any  useful  distinction,  and  is 
not  a  mere  survival  of  scholastic  logical  subtleties,  it  serves  to  sepa- 
rate causes  of  disease  into:  (1)  conditions  which  act  upon  the  living 
organism  so  as  to  render  it  susceptible  to  outside  agents,  and  (2)  those 
■genU  themselves.  Thus  starvation  or  overwork  may  render  a  jierson 
mseeptible  to  attack  by  a  parasitic  organism  which  would  otherwise  be 
unable  to  settle  in  his  tissues  and  cause  disease.  In  discussing  the 
Babied  of  immunity  we  shall  have  occasion  to  consider  the  mode  of 
action  of  such  predisposing  cruises,  It  is  only  in  reference  to  diseases 
produced  by  the  action  of  parasites  that  the  distinction  of  "  predispos- 
ing" and  "exciting"  causes  appears  to  have  much  meaning.  The 
term  predisposing  is,  however,  applied  to  certain  natural  conditions  of 
the  body  which  iufluenee  the  occurrence  of  morbid  processes.  Chief 
among  these  are  Age,  Sex,  and  Heredity. 

Age. — The  special  liabilities  of  chili/hootl  are  to  some  extent  ex- 
plained by  supposing  that  the  power  of  resisting  injury,  which  all  cells 
possess,  is  not  fully  developed  until  adult  age  ;  further  growing  tissues 
are  liable  to  certain  affections  which  do  not  occur  iu  adult  cells — e.g., 
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rickets.  In  ••lit  age  the  vital  powen  are  wearing  out  and  degenuratlofl 
is  oeoarriag. 

.Scr. — The  organs  peculiar  to  the  aexea  render  each  liable  <<>  BpeoiaJ 
diseases,  Women  are  also  ihe  special  victims  of  hysteria  and  chloro- 
sis. We  eautiot  explain  the  greater  liability  of  women  1"  endemieaud 
exophthalmic  goitre  and  to  mrxoadema,  nor  their  comparative  immu- 
nity iV'ini  Addison's  disctsr,  locomotor  ataxia,  mid  progressive  muscular 
atmphy. 

l/rrxlitjt. —  h  lias  already  been  stated  that  feeble  vital  power,  with* 
olk  actual  disease,  may  bo  the  heritage  of  the  body,  or  of  one  of  its 
pan-,     it  may  further  be  noted  that,  like  physiological  and  uaraoml 

peculiarities  0U8BBM —  </..  gODt — Sometimes  skips  one  or  more  genera- 
tions (at'iri.'in).  In  oilier  eases,  ;is  in  I  Hemophilia  and  pseudo-hyper- 
trophic,  mii-eniar  paralysis,  lbs  disease  appears  generally  in  the  males 
only;  although  the  females  may,  without  themselves  manifesting  it, 
trusmii  it  bo  their  offspring, 

Among  the  di-ia-i-  which  m  >-i  ul.einn-.lv  "run  in  families"  an- : 
1'iinetional  nervous  disorders,  siieli  as  hysteria,  neunilgia,  epilepsy,  and 
insanity,  which  are  more  or  less  interchangeable  ;  carcinoma,  e-pvialh 
nl'  the  breast  and  uterus;  seme  simple  growths,  tapecially  If  multiple 
(lipomata,  ostoomata,  papillomatu)  ;  gout  and  tubercular  disease  ;  ret- 
initis pigmentosa  and  nrflftr  blind  rami. 

Exciting  Causes. —  Wo  have  already  enumerated  the  principal 
external  causes  of  disea-e  (p.  20).  ('ertain  secondary  Qinnotl  acting 
locally  upon  the  cells  musi,   however,  be  mentioned. 

^onormoi  SbodwHopfy. — -Defeota  in  the  blood-aupply  may  lie  due 

In   errors    in    the    circulation    t>r   in    the   composition  01   the    Uood.       A 

defeottve    Mcod-eupnly  may  result   from  hyperemia  or  atuemu;   and 

fi-.ini    all    aliunrtirdilii-s    ill    the    omstilutinu  of    the    blood,  due  either  to 

faults  in  its  i'ormation  or  purilieatiun,  or  to  tin-  presence  of  nniaons, 
wheilier  formed  by  the  cells  of  the  body  or  by  parasitic  oiganlsme,  or 

inlmdticed  from   without. 

Abiurmai  Loeat  (imdHioiu, — .In  this  group  we  may  include  the 

result-  nf  mechanical  obstacles  in  Jjsoharga  of  function — r.;/.,  stricture 

of  a  duet  or  orifice,  strangulation  of  got,  pressure  arising  from  neigh- 
boring structures,  and  the  mechanical  effects  of  para-it--. 

Altfreil  Venous  lnjl'i'iirr. — The  nervous  system  apparently  exerta 
n  direct  controlling  influence  over  some,  if  not  all,  of  the  other  thamon, 

and  pervaraion  or  impairment  "f  this  influence  causes  disturber* f 

nutrition  in  ihe  eetla  aoaetsd.  Thus  in  eases  of  injury  t<>  spinal  motor 
Barrel  the  mnaotas  supplied  by  them  rapidly  degenerate,  and  in  eertaui 
■  m  of  affection  of  1 1 1,-  posterior  spinal  root-ganglia,  inflammatloii 
takes  plan.'  in  the  Corresponding  area  of  the  skin  (herpes  roster).  In 
boomotor  ataxia  and   *\  ringoiiiyelia  acute  inflammation  and  disorgiiui- 

■/ . 1 1 1 1 n i  of  -nine  of  the  Joints  may ur  ;  and  perforating  ulosn  of  the 

fnni   anjinai  to  be  associated  with  similar    defects  of  nerve-supply, 

I    ■  ■    -   of    hair    ha-    OCCUITvd    BS    a    result   of   shock,   which   may  a  I -n 

tannine    the   wiser   of    such  affection,,    a.-    dial>ctes    or   exophthalmic 
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The  extent  of  the  ' 
is  not  vet  determined. 


trophic"  Influence  of  the  i 


Effects  of  Previous  Disease,— Some  diseases,  when  they  have 
occurred  once,  tend  to  recur  again  mid  again.  In  the  case  of  others, 
to  have  suffered  once  is  to  have  secured  practical  immunity  against  a 
second  attack.     (See  Immunity.) 

(  Vrtain  other  diseases,  again,  seem  to  modify  very  deeply  the  func- 
ti<.iis  of  tin-  body.  Many  years  after  these  diseases,  it  is  found  that 
illnesses,  which  seem  at  first  sight  to  have  nothing  to  do  with  them, 
yield  only  to  the  treatment  proper  for  the  original  malady.  Sueh  a 
malarial  fever,  syphilis,  and  gout.  The  causal  agents  of  the  first  two 
are  probably  still  latent  in  the  body  :  as  to  gout,  though  its  pathology 
i-  nol  yet  fully  made  nut,  it  is  possible  that  all  its  manifestations  :i 
due  to  the  deposition  of  biurate  of  sodium  in  the  tissues  concerned. 

Modes  of  Extension  Of  Disease. — Extension  of  disease  may  be 
effected  by  spread  of  the  causal  agent  to  neighboring  parts  ;  or  seeoud- 
■ir\  lesions,  as  already  mentioned,  may  lie  caused  by  failure  of  function 
in  (lie  part   first  affected.       Extension  thus  takes  place: 

1.  lit/  tin-  rarritii/r  uj  Ihr  rniisfn  of  •tifriixt'  Jruni  u  primtiry  focii 
neighboring  or  distant  parts. — Thus  organisms  may  be  carried  by  the 
lymphatic*,  ami  give  rise  to  inflamed  lymphatic  glands,  ami  cells  df 
malignant  tumors  are  detached  and  deposited  either  in  neighboring 
glands  or  in  distant  organs,  in  which  positions  they  give  rise  to  other 
tumors  ;  pieces  of  clot  may  be  conveyed  by  the  bfoodvexsds  and  pro- 
duce embolism  ;  and  a  renal  calculus  may  lie  transferred  through  the 
ureter  to  the  bladder.  The  so-called  "  direct  extension  "  of  inflamma- 
liim  i-  due  to  carriage  of  infective  organisms  and  their  toxins  by  the 
lymph-stream  to  the  (issues  in  continuity  with  the  primary  focus. 

2.  Mn-Umi'u-ittltj,  by  so-called  "  back-trUing."  Thus  stricture  of  the 
urethra  causes  hypertrophy  of  the  bladder,  if  the  obstacle  to  the  out- 
line of  urine  can  ihus  lie  overcome  ;  or  simple  dilatation  of  the  bladder, 
if  its  efforts  are  futile.  In  either  case  the  difficulty  of  entry  of  urine 
into  the  bladder  is  increased,  and  the  ureters,  pelves,  and  kidneys  dilate. 
Interstitial  nephritis  results  from  the  pressure,  the  renal  functions  are 
imperfectly  performed,  and  this  is  detrimental  to  the  organism  at  large. 
The  succession  of  changes  which  result  from  incompetence  of  the  mitral 
valves  is  another  lumilinr  example  of  this  mode  of  extension  of  disease. 
iS'e  Passive  1 1  vjienemia.) 

3.  Fiuliif-  of  any  part  in  do  Its  share  of  irork  in  the  rconomy.  The 
(emit  of  such  failure  will  dejiend  upon  the  readiness  and  completeness 
with  which  its  defects  can  lie  compensated.  If  the  work  can  be  readily 
taken  over  by  other  parts,  as  can  that  of  a  sweat-  or  sebaceous  gland, 
nothing  '?•  noticed  ;  on  the  other  band,  extirpation  of  a  kidney  which 
was  doing  work  is  followed  by  a  time  of  danger  from  the  consequent 
interference  with  the  excretion  of  waste  products,  and  with  the  forma- 
tion of  the   internal   secretion  of  the  organ,  as  the  other  kidney  is  at 
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first  unequal  bo  the  double  duly.     Absolute  failure  of  the  rani: 

the  respiratory  ftmotaon  (rill  cause  death,  there  being  m  power  of  omd* 

penaatioo. 

Terminations  of  Disease. — The  poaoible  termination-  of  iSmm 
in'  rwmery,  or  return  of  tlit.'  part  to  the  discharge  <it'  its  normal  func- 
tions ;  partial  recovmyt  and  Smith,  or  complete  cessation  of  function. 
Certain  diseases  ou  scarcely  bo  mid  Ut  have  a  termination  ;  when  ooob 
established  they  remain  stationary. 

Thymes  which  are  the  seat  nf  disease  Lave  a  natural  tendency  lo 
recover — f,  r.,  tu  return  to  their  normal  condition,  when  the  moriiid 
process  has  not  bean  sufficient  to  cause  grave  structural  dirnagfi  An 
experiment  of  Lister's  illustrates  this  tendency :  If  a  hot 
brought  near  to  normally  acting  ciliated  cells,  detached  from  the  body, 
the  first  effect  will  I*  to  increase  nr  stimulate  the  movement  of  RM 
cilia;  but  if  the  hot  iron  be  kept  near  them  long,  or  brought  domr, 
lite  movement  Wcoincs  -lower  and  finally  ceases.  If  the  inut  be  then 
removed,  the  cilia  will,  after  a  period  of  quiescence,  begin  to  work 
again.  We  may  compare  this  property  of  living  tissue  with  the  be- 
havior of  a  IhkIv  placed  in  stable  equilibrium,  which  tends  to  return  to 
its  original  positiou,  if  displaced. 

The  power  of  resisting  injurious  agencies  vara-  not  only  In  differ- 
ent individuals,  but  in  different  tissues.  Not  only  does  a  "  strong  " 
man  recover  front  it  disease  which  would  be  fatal  to  a  weaker  one,  but 
we  find  experimentally  that  a  rabbit's  ear  will  resist  the  effects  of  anft>mia 
longer  than  will  tt  knuckle  of  its  intestine  or  the  cells  of  its  central  ncr- 
vou-  system,  hi  tin-  .vim1  of  the  inte-unr.  the  (H'e-i  in-e  >l  ml.  m-orgnn- 
isms  capable  of  invading  tlte  damaged  tiseueti  must  be  borne  in  mind. 

It  Will  be  Useful  here  to  give  a  list  of  the  morbid  process  lo  which 
all  organs  arc  more  or  lets  liable  : 


Developmental 

errors. 

Inflammation    (reaction    to    irri- 
tants). 

K<  generation. 

Rajrfal  of  mechanical 

injury. 

HyjK-rtrophy. 

l>i»  placement. 

Hemorrhage. 

T 1 1  u  1 1  >r- fonn  ation . 

Amentia. 

Lodgement  of  parasites. 

Hypenemia. 

CEfana. 

Stricture    and    its    i-onsequeuocs 

Atrophy. 

may  oocnr  in  any  duct  or  canal; 

andcalcoli  may  develop  in  any 

Necrosis. 

of  them. 

KegemTation    i-    included   in  the  above  li-t.  since,  although   it   i-  not 
itself  u    morbid   process,   it  is    the   result  of  injury  or  disease,  ami    i^ 
ilien-fore  intimately  connected  with  pathology  :  while  the  prodocta  of  the 
e  process  often  differ  from  the  original  tissue  of  the  injured  part. 


The  term  malformation  is  applied  to  structural  defects  of  parts  anil 
organs,  tlie  result  of  errors  or  accidents  in  the  process  of  development. 

It  is  customary  to  classify  malformations  into  three  groups  :  (1)  mal- 
formations by  excess,  (2)  malformations  by  defect,  and  (3)  malfonua- 
tions  by  perversion. 

(I)  M'tlf"rm'ili"ii!<  l'ii  wean  include  all  double  monsters  ;  all  repeti- 
tion of  parts  >>r  of  structures — e. ;/.,  supernumerary  lingers  and  toes; 
and  all  giant-growths,  whether  general  or  local. 

(2)  Matfoi'ituttimi*  l'ii  tlrfcct  comprise  all  those  due  to  arrest  of  de- 
velopment. The  large  majority  of  these  arise  at  an  early  period  of 
embryonic  life.  In  this  group  are  included  dwarfing  and  the  absence 
or  defective  formation  of  parts,  provided  they  are  due  exclusively  to  the 
orroi  of  normal  processes,  as  in  harelip,  cleft  palate,  cleft  sternum,  and 
imperforate  anus. 

(:t)  MaJfonnatiom  by  perversion  include  those  congenital  errors  in 
which  the  process  of  development  is  irregular  and  disorderly.  In  this 
Btoop  are  placed,  among  others,  the  transposition  of  viscera  and  many 
forms  of  congenital  heart  disease. 

This  classification  is,  however,  not  so  useful  as  one  based  upon  the 
normal  order  of  events  which  occur  in  the  course  of  development. 

In  the  space  available  for  this  subject  it  is  not  proposed  to  deal  with 
the  liirnialiiin  of  ilouhfr  uioiirterx,  whether  derived  from  two  ova  or  from 
a  single  ovum,  nor  with  such  grave  disturbances  of  development  as  may 
lead  to  any  of  those  abortive  results  of  impregnation  which  are  grouped 
together  under  the  term  mole.  Dermoid  ri/nln  arc  considered  along  with 
oilier  eysls  ut  the  end  of  the  chapter  ou  Tumors. 

A  very  considerable  number  of  the  malformations  commonly  met 
with  depend  on  imperfect  union  in  the  jxwterior  or  anterior  median 
Hue  of  the  body. 

Defective  Development  in  the  Posterior  Median  Line. — It  will  be 
remembered  that  the  whole  of  the  central  nervous  system  is  developed 
from  an  invaginated  fold  of  epiblast  known  as  the  neural  or  medullary 
groove,  which  subsequently  becomes  converted  into  a  canal  and  sepa- 
rated from  the  originally  adjacent  epiblast  by  a  thin  layer  of  mesoblast. 

The  grossest  forms  of  malformation  depend  upon  the  failure  of  the 
neural  groove  to  form  the  neural  canal.  Thus,  both  cranium  and 
brain  may  be  absent  (firimirrphutitu),  and  the  spinal  canal  and  spinal 
cord  may  remain  an  open  groove  (open  spina  bifida).  These  conditions, 
as  well  ;i-  many  other  malformations  of  the  brain,  are  incompatible 
with  life,  and  are,  therefore,  of  little  practical  interest. 

A  lesser  degree  of  spina  bifida  often  occurs,  in  which  a  hernial  pro- 
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tension  either  from  the  central  canal  of  llic  spinal  cord  i>r  merely  fro 
the  spinal  camd,  combined  with  defective  formation  of  the  arches  of  il 
vertebra;,  forma  ij  central  tumor  in  the  back,  usually  in  the  lumbar  region. 
When  the  tumor  uonauta  of  a  protrusion  from  the  oetttrat  canal  o/ 
ihr  mmaloord,  its  wall  is  lined  internally  by  nerve-roots  and  rudiment- 
of  the  spinal  eord  {.fi/riuf/fHiH/i-iiH'i-tr).  When  the  protrusion  arises  only 
from  the  •jiuKil  oanoJ,  and  not  from  the  centre  of  the  spinal  eord,  the 
latter  generally  runs  serosa  the  eavity  and  is  attached  to  the  middle  of 
the  projecting  wall  of  the  protrusion,  giving  rise  to  a  central  depression 
in  toe  tumor  when  viewed  from  behind :  thenee  it  turns  baek,  nod, 
the  fihm  Umfaak,  reaohei  the  canal  again.  In  such  eases  (i 
nianm^ooela),  as  well  a*  iii  those  which  contain  only  fluid  (menA 
the  wall  of  tin'  tumor  is  formed  of  llic  ordinary  integuments  lined  by 
the  rudimentary  spinal  meninges.  Similar  [mulches  may  be  formed  in 
connection  with  defects  in  the  criiniiim.  They  generally  arise  from  tin- 
occipital  region.  Hey  may  contain  brain-substance  (ntcrj.li'i!<»->/<),  ox 
bnin-enbatanee  and  fluid  (eneephahmeHingoeeit  ),or  fluid  only  {m  mngo- 

M:il1iinii;»tions  of  liotli  brain  and  spinal  conl  may  also  arise  after 
tin-  cranium  ami  vertebral  column  arc  formed.  These  comprise  (1  )  a 
uniform  smallness  of  the  brain  {iiiirrritrrjilttifiit)  or  of  the  spinal  conl 
(■ricrotnysfta)  [n  which  the  former  mny  be  from  two-think  to  "ne->ixth 
it*-  oatura]  size  ;  (2)  hregular  defects  in  the  cortex  of  the  brain  in  whirl, 
siiiiie  of  tin-  convolutions  are  absent,  and  others  small  and  thin  ;  mid 
{'I)  more  or  leal  extensive  depression  or  clefts  in  the  cortex  due  to 
defective  development  and  constituting  the  condition  known  us  jwrrn- 
unpniTft'n  The  oerebrnm  and  cerebellum  are  more  liable  to  malforma- 
tions than  the  central  parts  of  the  brain.  The  spaces  resulting  from 
the  defects  in  the  cortical  or  centra]  parts,  occurring  after  the  formation 
of  the  cranium,  an-  tilled  up  by  cerebrospinal  fluid— in  the  ventricles 
or  in  the  subarachnoid  spaces,  ns  the  case  may  lie.  When  the  defect* 
an-  marked  and  the  quantity  of  fluid  i-  large,  the  condition  is  known  as 
totigmmtal  kgdrooephahiB — in/mi"/,  if  the  fluid  is  in  the  ventricles,  and 
i.'-ii Tiini,  it*  ii  \>  on  the  Burftee  of  the  brain. 

The  majority  of  instances  of  malformation  ure  probably  due  to 
primary  developmental  errors.  Injurv  and  circulatory  disturbanoi  • 
may  be  the  initial  causes  in  the  rest. 

Defective  Development  in  the  Anterior  Median  Line. — Defective  devel- 
op met  it  and  coalescence  of  the  Btrocturea  forming  the  anterior  mediin 
line  include  n  large  Dumber  of  common  malformations.  The  imperfect 
anion  ia generally  attributed  t<>  some  primary  germinal  defect  or  regarded 
as  (be  Indirect  retail  of  amniotic  bands  and  adhetnona. 

If  the  growth  of  the  nasofrontal  and  both  superior  maxillary  plates 
(Fht  I)  be  defective,  a  targe  gap,  involving  upper  lip,  nose,  and  pnlatr, 
will  lie  left. 

If  the  defect  be  confined  to  the  failure  of  coalescence  on  the  port 

■  its]  and i  maxillary  plate,  a  cleft  in  the  upper  lip  (/urn' 

«ill  hi-  produced  on  the  corresponding  side  of  the  mid-line.     If 
Puslfimanm  of  the  maxillary  plates  and  corresponding  soft  parts  to  foi 
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Hie  palate  lie  incomplete,  a  centra]  deft  (&M  palate)  will  occur  in  the 
posterior  pail  of  the  roof  of  the  mouth.  In  extreme  cases,  when  the 
elaft  i-  wide  and  extends  fiir  forward,  the  lower  part  of  the  nasofrontal 

j  »r —  may  be  seen  forming  ;i  narrow  central  plate  parti;  fining  up  the 

cleft  between  the  maxillary  processes.  In  the  majority  of  instances 
i">tli  of  harelip  and  of  cleft  palate,  only  the  soft  parts  are  defective. 
Very  rarely,  a  median  cleft  in  the  lower  lip,  and  even  in  the  lower  jaw, 
ma]  arise  from  defective  union  of  the  inferior  maxillary  processes. 

Minute  fistula;  in  the  neck,  connecting  the  surface  of  the  skin  in 
front  of  the  stemomastoid  with  the  pharynx,  may  result  from  imperfect 
eloanre  of  the  branchial  clefts  (Fig.  1) ;  and  cysts  may  arise  from  un- 
olilitenited  remnants  of  these  openings.  Fissures  may  also  occur,  from 
Munawbat  analogous  causes,  in  the  sternum,  in  the  diaphragm,  and  in 
the  sides  of  the  thorax. 

The  parts  concerned  in  the  formation  of  the  umbilical  cord  furnish 
many  malformations.     A    persistent   urachus   may   lead   to  a  vesical 


fi-tula,  and  its  imperfect  obliteration  to  a  cyst  in  the  urachal  cord,  which 
then  connects  the  umbilicus  and  bladder.  In  the  same  way  a  persistent 
omphalomesenteric  duct,  which  connects  the  yolk-sac  with  the  alimentary 
tract,  may,  in  similar  fashion,  give  rise  to  an  intestinal  listula.  In  most 
cases,  however,  the  persistent  duct  merely  consists  of  a  pouch  arising 
from  the  ileum  opposite  the  mesenteric  attachment  about  three  feet 
above  the  ileocecal  valve.  This  pouch  is  similar  in  structure  to  the 
rest  of  the  adjacent  intestine  and  generally  forms  a  simple  cul-de-sac 
two  or  three  inches  long  (JWW'j  dhvrtiru/iiiu),  constituting  one  of  the 
commonest  malformations  in  the  body.  More  rarely  it  may  attain  a 
tengto  of  six  inches  or  upward,  and  be  connected  by  a  fibrous  band 
with  the  umbilicus  (Fig.  2);  only  in  very  exceptional  cases  does  it 
extend  to  the  umbilicus  as  a  patent  tube,  and  give  rise  to  a  fistula. 
A  pouch  of  peritoneum  may  project  into  the  umbilical  cord,  giving  rise 
to  a  hernia. 
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Figures  in  the  abdominal  wall  are  generally  situated  below  the 
umbilicus.  If  the  lateral  plates  are  defective,  amnion,  peritoneum,  and 
anterior  wall  of  the  bladder  may  give  way,  and  the  mucous  surface  of 
the  posterior  wall  of  the  bladder,  with  the  openings  of  the  ureters, 


Fio.  2. 


Fig.  3. 


Meckel's  diverticulum.    A,  umbilicus;  B,  impervious  fibrous  cord;  C,  diverticulum ;  D,  ileum 

below  diverticulum. 

project  on'  the  surface  (extroversio  vesica').  The  urethra  may  remain 
unclosed,  appearing,  in  the  male,  as  a  groove  along  the  dorsum  of  the 
penis  (epispadias),  and  this  condition  may  be  associated  with  absence 
of  the  symphysis  pubis  and  extroversion  of  the  bladder.     A  commoner 

deformity  is  a  defective  development 
of  the  penis,  in  which  that  organ  is 
small  and  grooved  on  its  under  sur- 
face. The  urethra  may  open  at  the 
root  of  the  penis,  at  the  base  of  the 
glans,  or  at  any  point  between  these. 
To  these  deficiencies  art*  added  unde- 
scended testicles  and  a  cleft  scrotum 
somewhat  resembling  the  labia  majora 
of  the  female.  This  general  defective 
development  of  the  generative  organs 
is  known  as  hypospadias,  although, 
strictly  speaking,  the  term  should  be 
limited  to  the  urethral  malformation. 
When  the  ordinary  invagination  of 

Imperforate  anus.    A,  rectum ;  U,  Atom.    t,  fej       fa     f  ^      anU8  doeg   not 

cord  connecting  imperfectly  developed 
rectum  and  invaginated  skin ;  C,  akin.      occur,    or    more    commonly    when    the 

hind-gut  is  too  short  to  communicate 
with  the  more  or  less  completely  invaginated  portion  of  the  skin,  an 
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imperforate  anus  results.  The  walls  of  the  hind-gut  and  of  the  invagi- 
nated  anus  may  lie  in  close  contact  or  may  be  separated  by  an  interval 
of  several  inches  (Fig.  3). 

Occasionally  the  hind  gut  may  be  incompletely  differentiated  from 
the  gen  i  to- urinary  apparatus  owing  to  the  imperfect  involution  of  the 
allantois,  but  in  such  cases  the  foetus  rarely  attains  maturity. 

Miscellaneous  Defects. — The  commonest  and  leant  important  mal- 
formation of  the  kidney  is  an  irregularity  of  the  surface  due  to  the 
persistence  of  the  original  lobulations,  marking  the  position  of  the 
pyramids — a  normal  condition  in  the  ox  and  many  other  mammals. 

Occasionally  the  lower  ends  of  the  kidneys  are  found  united  across 
the  bodies  of  the  vertebra  so  as  to  form  a  horseshoe-shaped  organ. 
The  connection  may  be  effected  either  by  fibrous  tissue  or  by  ordinary 
renal  tissue.  In  nearly  all  cases  of  horseshoe  kidneys  the  ureters  pass 
downward  over  the  anterior  surface,  while  the  arrangement  of  the 
bloodvessels  is  generally  somewhat  unusual. 

The  pelvis  of  the  kidney  may  be  subdivided,  and  the  ureter  may 
be  double  at  its  upper  part 

or  even  throughout  its  whole  Fio-  4- 

length. 

On  rare  occasions  the  de- 
velopment of  one  kidney 
may  be  so  far  interfered 
with  that  it  is  at  birth  rep- 
resented by  a  mere  fibrous 
plate ;  while  the  op]  mite 
kidney  is  double,  or  nearly 
double,  its  normal  size. 

Neither  liver  nor  lungs 
are  liable  to  any  important 
developmental  errors,  unless 
the  dilatation  of  the  neigh- 
boring bronchial  tubes,  which 
results  from  the  inefficient 
expansion  of  any  part  of  the 
lung  at  birth  {nldectagb),  be 
regarded  as  a  malformation. 
{See  Bronchiectasis.) 

Malformations  of  the 
limbs  are  numerous  and  va- 
ried. Those  due  to  excess 
take  the  form  of  giant- 
growth,  in  which  all  the 
tissues  of  a  limb  may  be 
concerned  ;  or  of  additional 
parts,  as  in  supernumerary 
fingers  or  toes  (Fig.  4)  and 
"  webbing  "  of  fingers  or  toes. 


oi  with  seven  toes.    The  tint  u 

0  hi  eta  Ureal  bonea 

articulate  with  the  internal  cu 

elfonn  bone.    The 

third  toe  has  only  two  phalangea 
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These  two  latter  deformities  v 
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quently  found  together,  and  are  often  hereditary,  occurring  in  different 
meml)ers  of  a  family. 

The  absence  of  limbs  may  be  due  to  germinal  defects,  or  to  intra- 
uterine amputation  by  amniotic  bands  at  an  early  period  of  develop- 
ment. When  hands  an<J  feet,  however  imperfect,  exist  without  the 
intermediate  parts,  the  defect  is  always  germinal. 

Congenital  dislocations,  especially  of  the  hip-joint,  are  not  infre- 
quent, and  are  associated  with  defective  formation  of  the  joints  con- 
cerned. 

The  various  forms  of  congenital  club-foot  are  accompanied  by  defect* 
in  the  formation  of  the  tarsal  bones,  especially  of  the  astragalus!  and 
are  possibly  due  to  the  pressure  exerted  by  the  walls  of  a  misshapen 
uterus.  They  are  occasionally  associated  with  corresponding  cerebral 
defects.  * 

Malformations  of  the  heart  will  be  considered  in  the  chapter  deal- 
ing with  diseases  of  that  organ. 


CHAPTER  II. 

NUTRITION   ARRESTED, 

NECROSIS. 

The  complete  and  permanent  arrest  of  nutrition  in  a  part  constitutes 
necrosis,  gangrene,  or  local  death. 

Etiology. — Whatever  interferes  with  the  supply  of  nutritive  mate- 
rial to  a  part,  or  destroys  the  vital  activity  of  its  cellular  elements,  may 
duh  its  death. 

A.  Interference  with  the  Supply  of  Nutritive  Mate- 
rial.— Such  interference  may  lie  the  result  of : 

1.  Obstruction  in  the  Arteries. — This  is  a  common  cause  of  necrosis. 
The  obstruction  may  be  caused  by  compression,  by  ligature,  by  niplure, 


by  thrombosis,  by  embolism,  or  by  disease  producing  thickening  of  the 
arterial  coats,  and  consequent  narrowing  of  the  lumen  of  the  vessel. 
ft'  tin'  instruction  br  complete  and  a  collateral  circulation  cannot  be 
established,  death  of  the  pari  quickly  ensues. 
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2.  Obstruction  in  the  Capillaries. — Obstruction  ia  «>fa>n  the  result  of 
pressure  upon,  or  stretching  of,  these  vessels.     This  may  take  place 

Iriiiii      llw     -l '  vit  r  ■  m  I  E'i  1  ri  ill     •,}'     mtf-oiirieOorv     nn  n1.N'f~     t  ,1-     ,  if      I'  \  u-i  vt^'it,  .i 


from  the  accumulation  of  inflammatory  products  or  of  cxtraxasated 
blood,  or  from  the  pressure  exercised  by  new  growths.  The  resulting 
obstruction  to  the  capillary  circulation  causes  dcatl]  of  the  immediately 
adjacent  tissues.  As  examples  of  necrosis  from  this  cause  may  be 
mentioned  :  necrosis  of  the  su]R'rricial  layers  of  the  bone  resulting  from 
periostitis,  and  due  to  the  compression  of  the  capillaries  between  the 
Iwuie  and  the  periosteum  ;  the  sloughing  of  tendons  in  width  m-  befbti 
the  latter  are  opened  ;  and  the  formation  of  ordinary  bedsores.  When 
inflammation  causes  gangrene,  this  result  is  aided  by  the  stasis  which 
occurs  in  the  capillaries.  Coagulation  'if  blood  takes  place  In  tin' 
vessels  of  the  necrosed  tissue,  and  thus  hemorrhage  from  gangrenom 
parts  is  prcventnl. 

3.  Obstruction  in  the  Vebu. — Obstruction  to  the  return  of  blood 
tin-  MUM  is  seldom  complete  enough  to  arrest  Detrition,  and  is  therefore 
rarely  n  cause  of  necrosis.  It  is  when  associated  with  cardiac  weakneei 
or  obstruction  in  the  arteries  that  it  constitutes  an  important  agent  in 
producing  this  rcsull  ;  fir  then  the  Wee  necessary  to  drive  the  blood 
on  through  the  narrow  venous  channel  is  quite  inadequate.  Gangrene 
doe  to  these  eoinlmii-d  cause-  occurs  after  ligature  of  a  main  artery  and 
its  vein,  and  may  follow  accidental  injury  of  the  vein  during  the  opera- 
tion of  ligature  of  a  Mlga  artery,  especially  in  tin1  thigh.  It  may 
also  result  from  constriction  of  a  part  by  a  bandage  not  tight  cuoiij  ' 
in  iH'rliulc  the  ariciir-  as  well. 

When  a  strangulated  or  invaginated  piece  of  intestine  is  released 
and  tin-  circulation  i-  re-established  before  gangrene  has occurred,  seven 
inflammation,  leading  to  gangrene,  may  ensue.  It  is  of  practical  im- 
portance to  note  that  infl'iiiuiuititin  sets  in  Oolj   HO  it-xtitbiixhmiu)  of  the 

circulation.  A  much  contused  and  lacerated  part  may  ultimately  be 
killed  lieoau-c  the  pwasere  of  the  effusion  from  it-  injured  vessel-  -till 
further  impedes  the  How  through  them, 

4.  Diminished  Cardiac  Power. — This  is  uever  by  itself  a  -iilliei.nt 
cause  of  necrosi-;.  In  cases,  however,  of  excessive  general  debility,  or 
of  disease  of  the  cardiac  substance,  die  oousequent  diminution  in  the 
contractile  power  of  the  heart  materially  aids  the  foregoing  OMMM  in 
producing  a  fatid  blmid-stast-.  The  arrest  of  the  circulation  in  senile 
gangrene  (p.  86),  and  in  that  form  which  so  often  occurs  in  tin-  tissues 
of  the  Iwck  in  prolonged  fever  and  in  chronic  exhausting  diseases,  i- 
p«rt  the  re-nit  of  dimini-hrd  cardiac  power.  This  arrest  in  the  " 
named  condition*  is  usually  determined  by  some  injurious  irritalin 
tiic  rtnwitlt — in  other  Words,  it  i-  a  part  of  an  inflammatory  pn>c-s-. 

11.    DavTBCCnOll  Of  ink  vital  ACTtVITY  of  the  cellular 
may  be  c;luhi1  by  : 

Physical  and  Chemical  Agencies.— A   part   may  be  completely  d 
ganiwd  ami   h>-e  it-  Vitality  a-  the  result  of  external  viofmet, 
hfiil,  or  extreme  aaU.     Many  corrosive  e/umioah,  such  u 
caustic  alkalis,  destroy  the  life  .if  cells.      I'ulrtd  urine  or  foul 
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from  wounds  will  sometimes  destroy  the  cells  like  a  caustic.  Certain 
diseases  have  a  special  teudency  to  cause  necrosis — e.  g.y  diphtheria, 
carbuncle,  noma, "  hospital  gangrene/'  and  spreading  traumatic  gangrene. 
In  these  conditions  the  injury  to  the  tissues  is  due  to  the  chemical  action 
of  bacterial  products. 

These  are  the  several  causes  of  necrosis  ;  but  it  must  be  borne  in 
mind  that  the  process  is  often  complex,  and  due  to  the  combined  influ- 
ence of  two  or  more  of  them.  The  liability  to  necrosis  will  greatly 
depend  also  upon  the  power  of  the  tissues  to  resist  injury.  This  varies, 
probably,  in  different  individuals  and,  certainly,  in  different  tissues  in 
the  same  individual — intestine,  for  example,  being  much  less  resistant 
to  injury  than  skin,  and  glandular  epithelium  than  connective  tissue. 
Conditions  which  would  lead  to  the  death  of  a  part  in  which  the  circu- 
lation was  already  impeded,  or  in  which  the  vitality  of  the  cellular 
elements  was  impaired,  would  produce  no  such  effect  where  such  local 
weakness  did  not  obtain.  This  is  well  exemplified  by  senile  gangrene ; 
by  the  formation  of  ulcers  near  varicose  veins  in  the  legs ;  and  by  the 
necrosis  of  the  tissues  of  the  back  from  pressure,  which  so  often  occurs 
in  conditions  of  debility,  especially  in  persons  who  are  lethargic,  heavy, 
and  im perfectly  conscious.  For  similar  reasons,  the  diabetic,  the  albu- 
minuric, and  the  intemperate  are  peculiarly  liable  to  gangrene. 

Varieties. — These  generally  follow  one  of  two  types  known  as  dry 
aud  moist  gangrene  resj>ectively.  There  are  three  conditions  which 
mainly  determine  into  which  of  these  two  varieties  a  given  instance 
will  fall.  These  are  (1)  the  amount  of  fluid  which  the  tissues  involved 
naturally  contain  ;  (2)  the  extent  to  which  the  vessels  of  the  part  affected 
are  engorged  with  blood,  and  the  amount  of  fluid  which  is  therefore 
present  at  the  time ;  and  (3)  the  rapidity  of  the  evaporation  from  the 
surface. 

Dry  gangrene  (mummification)  will  therefore  occur  in  those  parte  in 
which  the  tissues  naturally  contain  but  little  fluid,  such  as  !>one,  carti- 
lage, and  tendon.  It  will  also  be  frequently  associated  with  such 
obstructions  of  the  arteries  as  may  occur  without  any  corresponding 
interference  with  the  circulation  in  the  veins  and  lymphatics.  Dry 
gangrene,  therefore,  may  result  from  embolism,  from  slowly  progressing 
arterial  thrombosis,  and  from  the  prolonged  administration  of  ergot. 
Again,  free  exposure  to  dry  air,  slow  progress,  and  the  destruction  of 
the  epidermis  will  all,  by  promoting  or  permitting  evaporation,  aid  in 
producing  dry  gangrene.  Under  these  circumstances,  the  part,  which 
is  pale  from  the  first,  gradually  dries  up  and  l>ecomes  converted  into  a 
dark,  shrunken  mass,  undergoing  but  little  further  change.  The  con- 
ditions obtaining  in  dry  gangrene  are  precisely  those  which  render  the 
growth  of  organisms  almost  impossible  (Fig.  G). 

Moist  Gangrene. — Under  opjiositc  circumstances,  a  part,  consisting 
largely  of  muscle  and  other  soft  structures,  may  become  rapidly  gan- 
grenous, either  from  an  acute  inflammation  or  from  venous  obstruction 
combined  with  a  weak  arterial  supply.      When  this  happens,  its  tissues 
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are  gorged  with  an  albuminous  fluid  full  of  b  re;,  king-down  red  him 
oorpnaoles.  Tlie  haemoglobin  »f  these  tonus  a  red  solution  which  - 
into  and  Plain-,  all  the.  tisanes.  The  part  is  much  swollen,  ■:>('  purplish 
color,  and  often  studded  with  bulla?  containing  blood -stained  fluid.  If 
such  a  part  is  exposed  to  warm,  moist  air,  septic  bacteria  quickly  grow 
through  the  skin,  multiply  rapidly  in   the  highly  putrescible  fluid,  n 


generate  by  their  action  gam — chielly  sulphuretted  hydrogen,  ammonia, 
nitrogen,  and  carbon  dioxide — which  give  rise  to  the  empbjrBetnatoH 
crackling  BO  often  associated  with  gangrene.  The  tissues  soften  and 
liipiefy,  the  whole  part  becomes  exceedingly  oll'eiifiive,  and  it-  tttMMa 
change  in  color  from  reddish  to  brownish  or  greenish  black.  For 
putrefaction  t->  occur  ii  is  absolutely  essential  that  septic  bacteria  ]«■ 
admitted  to  the  jwirt  ;  consequently  Buch  changes  are  met  with  chiefly  in 
externa]  parts  or  in  those  internal  parts  to  which  organisms  have  free 

When  the  life  of  an  internal  organ  or  part  is  destroyed  and  bacteria 
HI  Dot  admin. -d  to  i<-  at  In  simple  infarction,  its  tissues  -Tihxipicntlv 
undergo  degenerative  tatty  changes,  and  are  ultimately  in  great  n 
■baoibed. 

Course — Gangrene  may  !*■  circumscribed  or  spreading.  Gtrot 
tonbed  gimgwnt  mrpla's  a  rlrrmiisfrifx-tl  ran*?.  This  form  is  exe 
pfifled  b\  the  death  of  tissue  resulting  from  mechanical  violence, 
actual  .'allien,  or  complete  stoppage  of  the  circulation.  On  the  q 
hand, anreadfwg  gamgrtm   implies  b  tpreodimg cause.     Gai^ 

arterial  thr dobui  spreads  slowh  ,  as  the  thrombus  spreads  and  involvi 

eh,  and  has  i  well-defined  margin.     The  typical  I 
ptiagrmia  are  produced  by  tlic  action  of  living  organisms,  whi 
tinually   multiply  and  provide   fresh   quantities  of  (he  irritant,  win 
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they  are  constantly  being  carried  by  tbe  lymph-stream  farther  into  the 
surrounding  tissues. 

When  the  process  becomes  eirenmsorilied,  the  (load  tissue — /sphacelus, 
of  ilowjh — acta  as  an  irritant  tn  the  adjacent  living  structures,  causing 
more  iir  less  inflammation  in  them.  If  the  slough  is  aseptic,  the  inflam- 
mation is  sliglit,  leading  merely  to  the  formation  of  a  layer  of  fibroid 
tissue  round  the  dead  mass.  This  occurs  especially  in  internal  parts, 
and  is  best  illustrated  by  the  usual  fate  of  a  small  simple  infarct.  When 
thus  encapsidcd  (he  dead  part  eeases  to  irritate  ;  it  becomes  decolorized, 
fatty,  infiltrated  villi  phagocytes,  which  absorb  the  fatty  detritus,  and  is 
uliiiiKiti'lv  converted  into  a  small  fibrous  sear,  which  may  calcify. 

When  the  slough  is  superficial  it  generally  putrefies  and  becomes 
strongly  irritant ;  but  mummification  will  minimize  (bis.  Inflammatory 
reaction  occurs  freely  in  the  narrow  zone  of  living  tissue  {Hue  of  demar- 
eation)  surrounding  the  edges  and  base  of  the  (dough  ;  fibres  and  all 
firm  connections  between  the  living  and  dead  tissues  are  softened  and 
eaten  ihrough  by  leucocytes  (suppuration);  and,  finally,  when  this 
process  is  complete,  the  slough  i.-  east  oil'.  If  the  whole  thickness  of 
a  limb  die,  the  stump  left  by  casting  on"  the-  sphacelus  will  !»■  conical  ; 
lot  tbe  soft  parts  retract  somewhat  and  the  hone  separates  lower  down. 
The  less  vascular  a  tissue,  the  longer  will  Imj  tbe  time  occupied  in  the 
separation — t.g.t  fascia,  tendon,  bone.     If  the  dead  mass  be  deeply 

seitad  and  suppuration  occur  al I  it,  fistula' — tubular  passages  through 

the  tissue — will  form,  leading  from  it  to  the  surface.  Through  one  or 
mora  of  these  it  may  ultimately  be  cast  off,  as  in  necrosis  of  bone. 
After  removal  of  the  slough  an  ulcerated  surlaec  is  left. 

Senile  Gangrene. 

This  is  a  form  of  necrosis  which  affects  especially  the  lower  ex- 
tremities of  old  people,  and  is  the  result  of  several  of  those  etiological 
conditions  which  have  already  been  enumerated. 

The  most  importaut  element  in  the  production  of  senile  gangrene  is 
the  presence  of  atheromatous  or  calcareous  changes  in  the  arteries  of  the 
limb,  which  greatly  diminishes  the  elasticity  and  calibre  of  these  vessels, 
thus  hindering  tbe  circulation  in  the  part  and  impairing  its  nutrition. 
Tbi-  is  shown  by  the  coldness  of  feet,  cramps,  and  other  abnormal 
ii-  so  often  experienced  by  the  patient  for  rome  time  before  the 
gangrene  sets  in.     The  slowing  of  the  circulation  is  usually  much  in- 

-'  r|  by  defective  action  of  the  heart  due  to  atrophy  or  degeneration 

■  if  u-  muscular  substance.  Thus  the  contact  of  the  blood  with  an  ab- 
normal vessel-wall  is  prolonged,  and  this  is  sometimes  sufficient  to 
cause  the  formation  of  a  thrombus  in  the  artery.  (See  Thrombosis.) 
Tbe  cloi  thus  formed  spreads  slowly  until  it  may  extend  from  the  foot 
v.. in.  Dry  gangrene  gradually  supervene-.  This  begins  in  one 
tee  or  in  several  simultaneously,  and  extends  slowly.  It  is  often  sur- 
:■  limited;  and  even  where  the  thrombus  extends  into  the 
popliteal  artery  part  of  the  foot  may  escape.      In  other  eases,  embolism 
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with  superadded  thrombosis  may  be  the  starting-point — a  chalky 
plate  or  a  parietal  thrombus  being  swept  from  a  large  into  a  smaller 
artery. 

The  exciting  cause  of  the  gangrene  is  often  some  trivial  injury,  such 
as  a  slight  abrasion  of  the  foot,  the  cutting  of  a  corn — these  slight 
wounds  permitting  the  entrance  of  micro-organisms — or  some  excess  of 
heat  or  cold,  acting  upon  feebly  nourished  tissues  supplied  by  diseased 
vessels. 

Coagulation-necrosis. 

This  is  a  term  applied  to  a  peculiar  form  of  sudden  tissue-death. 
The  cells  in  dying  seem  to  give  rise  to  some  substance  or  substances 


Necroiti  of  ihe  kidney  from  embollom.  In  a  cue  of  aneurlim  of  the  abdominal  aorta.  One  of 
Kreral  mull  yclluulnb-m  hltr  patches  which  were  scattered  through  the  cortlcex  of  the 
organ*.  The  rt-llnuf  the  tubulin  are  neeroned  and.  tberrfoK.  uncial  ned.  but  the  conuectlTe- 
tliaue  celli  have  taken  the  itain.    The  dark  maaarn  are  red  blood -rorpntClM.     *  an 

which  unite  with  the  lymph  und  cause  an  aptiarent  coagulation  of  the 
dying  cells.  Microscopically,  the  nucleus  disappears,  and  the  contents 
of  the  cells  are  replaced  by  a  structureless  hyaline  material  (Fig.  7). 
Putty  degeneration  subsequently  sets  in.  The  process  may  be  the  re- 
stilt  of  bacterial  action.  It  occurs  only  in  parts  freely  supplied  with 
lymph,  and  is  never  found  in  the  brain.  S.  Martin  would  confine  the 
term  "  coagulation-necrosis  "  to  conditions  in  which  cells  are  killed  by 
the  sudden  cutting  off  of  their  blood -supply,  as  in  cases  of  embolism 
of  a  terminal  artery. 

Colliquative  necrosis  is  tin?  term  employed  when  the  dead  tissues  do 
not  coagulate,  but,  as  in  the  case  of  the  brain,  soften  and  liquefy.  The 
cerebrospinal  fluid  is  non-congi liable,  and  necrosis  in  the  brain  is  col- 
liquative from  the  first.  In  acute  pneumonia  it  follows  coagulation, 
and  is  due  to  bacterial  products. 


POST-MORTKM   CHANdfili. 


Fat-necrosis. 


Under  the  name  of  fab-neeroaii  a  peculiar  change  occurring  in  fat 
has  been  described.  It  consists  in  the  formation  <>f  oji;ii|iic  white  areas, 
half  an  inch  or  leas  in  diameter.  These  are  of  firm  consistence,  and 
arc  scattered  through  otherwise  normal  tilt.  They  stain  with  osmie 
acid  and  melt  on  the  application  of  heat.  Under  the  microscope  the 
contents  of  the  affected  sells  are  either  crystalline  or  opaque  and  gran- 
ular. The  transition  from  diseased  to  healthy  cells  is  abrupt  (Fig.  8). 
The  surrounding  parts  are  occasional ly  infiltrated  with  leucocytes.      Fat- 


in..  rWU. 
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necrosis  is  most  fropiontly  encountered  in  the  subperitoneal  fat,  hut  ia 
:lly  met  witli  elsewhere.  It  is  probably  always  associated  with 
disease  of  the  pancreas,  and  is  almost  certainly  due  to  absorption  of 
pancreatic  juice,  which,  by  means  of  a  special  ferment,  acts  upon  the 
fat  and  saponifies  it. 


POST  MORTEM   CHANGES. 

The  changes  which  always  occur  in  tissues  after  death  must  now  be 
considered  more  particularly.  The  blond  undergoes  the  earliest  and 
most  rapid  change.  The  haemoglobin  escapes  from  the  red  corpuscles 
themselves,  and,  dissolved  in  the  liijunr  sanguinis,  permeates  the  sur- 
rounding tissues.  The  corpuscles  ultimately  disappear,  nothing  re- 
UUning  but  a  few  minute  granules.  The  staining  of  the  tissues  with 
liamoglobiu  is  commonly  known  as  post-mortem  staining,  and  the  appear- 
anem  it  presents  are  very  characteristic.  The  lining  membrane  of  the 
HO  of  the  bloodvessels,  being  in  immediate  contact  with  the  blood 
after  death   is  the  part   principally   affected.     The  dissolved   luenio- 
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globin  also  soaks  through  the  walls  of  the  veins,  thus  giving  rise,  on 
the  surface  of  the  skin,  to  red  lines  which  mark  the  position  of  the 
Teasels  lying  beneath.  The  staining  is  of  a  uniform  pinkish-red  color, 
tlnis  differing  from  the  punotifonn  and  linear  redness  of  hyperemia, 
fnmi  which  it  must  Ik-  carefully  distinguished.  The  amount  of  staining 
is  in  proportion  to  the  rapidity  with  which  decomposition  has  token 
place,  and  to  the  amount  of  blood  contained  in  the  part  itt  the  tune  of 
death.  Marked  staining  of  the  endocardium  and  great  \csscls  occur- 
very  rapidly  after  death  from  septicemia. 

Pod-twrtitn  *tnUihnj  must  Im'  distinguished  from  post-roortem  dis- 
coloration. The  latter  is  a  purplish  color  seen  in  dependent  parte 
which  are  not  pressed  upon,  ami  is  due  to  the  gravitation  of  Huid 
blood    into   the  vessels  of  these  parte.      It  disappears   if  tlie  Imdy  U- 

named  over. 

In  muscle  the  arrest  of  nutrition  is  accompanied  by  a  state  of  rigidity 
known  as  rigor  mortis.  Tliis  is  a  peculiar  condition  of  the  muscles 
observed  in  almost  nil  bodies  after  death,  in  which  they  become  firm 
and  x rwhat  shortened,  as  though  in  a  state  of  permanent  contrac- 
tion. It  comes  on  an  soon  as  the  muscles  have  lost  their  irritability 
— >.  •-.,  their  capability  of  responding  to  artificial  stimulation  ;  in  other. 

word-,  :i-  -"-Hi   :i-  the  nutritive  processes  have  completely  ceased.      The 

time  of  iis  appearance  will  therefore  depend  upon  the  state  of  nutrition 

of  the    mii-ole-   at    the  time  of  death  :   the    more   healthy   and   vigorous 

this  is,  the  longer  will  be  the  interval  before  nutritive  processes  com- 
pletely ocase,  and  consequently  the  longer  before  rigor  mortis  aapaa> 
ranee,  lis  dnration  and  its  intensity  aw  in  direct  proportion  to  the 
It  ton  i  in  of  its  appearanoa,  In  people,  lor  example,  who  are  in  perfect 
health  and  die  suddenly,  as  from  accident,  the  rigor  mortis  does  not 

usually  mi mi  iiulil  from  ten  to  twenty-four  hours  after  death  :  it  is 

very  marked,  and  often  hurts  two  or  three  days.  In  those,  on  the  other 
hand,  who  die  from  some  exhausting  disease,  as  from  chronic  phthisis, 
in  which  the  nutrition  of  the  muscles  has  become  much  impamd,  the 
ngot  mortis  appears  very  soon,  sometimes  as  early  as  ten  minutes  after 
death  ;  it  i-  very  slight,  and  may  pass  off  in  less  than  an  hour.  It  baa 
1'.  en  Mid  that  in  cases  of  death  from  lightning,  and  from  some  of  the 
several  forma  of  the  adynamic  fevers,  the  rigor  mortis  is  entirely  al>- 
-ent.  It  is  doubtful,  however,  if  this  is  the  ease  :  the  rigor  mortu  ban 
probably  escaped  observation,  owing  to  its  early  supervention  and  rapid 
diaarmearance. 

With  regard  to  the  nature  of  the  change,  Kuhne  and  others  have 
shown  that  it  is  really  owing  to  the  coagulation  "!'  the  muanVptesma 
and  tin'  formation  of  a  proteid  clot — myosin.  The  coagulation  ia  at- 
tended by  the  liberation  of  a  free  acid  (sarcoktetic).  'rim-  arc  produced 
the  riranic".  hardness,  ami  opacity  of  the  muscle  which  are  together 
characteristic  i .f  rigor  mortis.  This  change  i>  not  confined  to  vohnitary 
muM-le  ;  a  similar  coagulation  of  the  protoplasm  taki  -  place  after  death 
in  all  involuntary  riiiiscli -fibres. 

A-  non  as  decomposition  commences,  rigor  mortis  disappears,      1  In- 
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transverse  striation  of  the  fibres  then  becomes  indistinct,  and  gives 
place  to  irregular  rows  of  granules  and  fat-molecules.  In  the  mean- 
time the  muscle  softens,  its  sarcolemma  disappears,  and  ultimately 
nothing  remains  but  a  soft  structureless  debris.  In  adipose  tissue  the 
cells  diminish  in  size,  owing  to  the  escape  of  the  fluid  fat,  which  diffuses 
itself  throughout  the  surrounding  structures.  The  fibres  of  the  con- 
nective tissue  swell,  become  opaque,  and  ultimately  liquefy.  In  nerve- 
fibres  the  white  substance  of  Schwann  coagulates  and  collects  into  small 
drops  within  the  neurilemma.  Cartilage,  bone,  and  hair  resist  the 
putrefactive  process  longer  than  any  of  the  other  tissues,  and  are  the 
least  altered  by  it. 


CHAPTER  III. 

NUTRITION   IMPAIRED. 

It  has  been  shown  in  the  preceding  chapter  that  complete  and  per- 
manent arrest  of  nutrition  in  a  part  causes  death,  and,  therefore,  cessa- 
tion of  function.  We  have  now  to  consider  those  morbid  processes  in 
which  nutrition  is  more  or  less  impaired,  and  in  which,  therefore,  there 
is  a  proportionate  diminution  of  function.  Nutrition  may  be  impaired 
in  two  ways  :  in  quantity,  so  that  waste  comes  to  be  in  excess  of  assimi- 
lation ;  or  in  quality,  either  the  food  or  the  metabolism  of  the  cell  being 
abnormal.  Excess  of  waste1  over  assimilation  leads  simply  to  atrophy 
or  simple  diminution  in  the  size  of  a  part  or  of  the  whole  body.  On 
the  other  hand,  alteration  in  the  chemistry  of  the  cell,  or  in  the  quality 
of  the  food  supplied  to  it,  may  lead  to  degeneration  of  the  cell-contents, 
some  abnormal  substance  appearing  in  the  tissues. 

The  degenerative  product  may  theoretically  be  formed,  (1)  anuboli- 
cally,  by  the  cell  from  its  food-supply  ;  (2)  catabolically,  by  abnormal 
disintegration  of  the  cell-protoplasm  ;  (tt)  by  indention  or  *imj)le  dejtoni- 
tion  in  the  cell  from  the  lymph. 

Then*  is  a  growing  tendency  among  jwthologists  to  regard  degen- 
erations as  largely  due  to  the  action  of  bacterial  products  (toxin*).  In 
some  forms  this  has  l>een  proved  to  l>e  the  case. 

Degenerative  processes  are  generally  divided  into  two  groups  :  the 
degeneration*  proj>er  and  the  infiltration*.  In  the  degenerations,  the 
cell-protoplasm  is  gradually  transformed  into  some  new  material.  This 
process  is  often  continued  until  complete  destruction  of  the  histological 
elements  has  taken  place  and  all  trace  of  the  original  structure  is  lost. 
In  the  earlier  stages  of  the  process,  function  is  impaired  :  in  the  later, 
it  may  l>e  completely  arrested.  In  the  infiltrations,  the  new  material  is 
supposed  to  l>e  passively  dej>osited  from  the  lymph  (calcareous  infiltra- 
tion) or  formed  by  the  cells  from  their  food-supply  (fatty  accumulation)! 
Infiltration  is  not  necessarily  followed  by  destruction  of  the  histological 
elements,  and  function  is  but  little  interfered  with. 

The  degeneration*  are  :  fatty,  mucoid,  colloid,  and  probably  amyloid. 
Cloudy  swelling  also  conies  under  this  heading.  The  infiltrations  are  : 
fatty,  calcareous,  and  pigmentary. 

I.  ATROPHY. 

Atrophy  must  1k»  carefully  distinguished  from  arrested  development. 
It  is  a  derreaxe  in  the  amount  of  a  tissue,  owing  to  diminution  either  in 
*ize  (*imple  atrophy)  or  number  (numerieal  atrophy)  of  the  histological 
elements  of  which  it  is  coni]>oscd.      It  is  attended  by  loss  of  weight 

1  The  term  "  infiltration  "  is  unsuitable  for  such  an  active  proeetw.  IWsive  infiltra- 
tion jirolubW  occun*  only  in  dead  or  dying  cells. 
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and  impairment  of  function.  The  two  varieties,  simple  and  numerical, 
are  often  associated,  the  latter  being  ;in  advanced  stage  of  the  former. 

Simple  atrophy  is  the  commonest  form,  and  may  affect  all  tissues,  as 
is  well  shown  in  ordinary  emaciation  (Fig.  i>). 

The  cells  of  all  glands  may  undergo  simple  atrophy  ;  they  become 
smaller,  and  are  often  finely  granular  from  the  presence  of  molecular 
int.  Muscular  tissue  may  also  atrophy  by  simple  dimmntioD  in  the  size 
of  its  primitive  fasciculi. 

Unless  their  vital  ai-tieUy  is  exhausted,  the  shrunken  cells  are  capable 
of  recovery  ;  all  that  is  necessary  for  their  restitution  is  diminution  of 
■aMfl  or  increase  of  assimilation,  according  as  the  one  or  the  other  is 
faulty. 

Numerical  atrophy  is  often  an  advanced  stage  of  simple  atrophy. 
The  elements  not  only  diminish  in  size,  but  some  actually  perish,  as  is 
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■well  seen  in  advanced  atrophy  of  muscle  ;  then  restitution  is  possible  only 
by  tfae  production  of  new  element'.  In  certain  tissues — as  the  spleen, 
lymphatic  glands,  anil  skin — atrophy  is  due  mainly  to  numerical  loss. 

Although  atrophy  in  its  strict  signification  consists  simply  in  a 
diminution  in  size  or  in  number  of  the  component  elements  of  a  tissue, 
it  U  rurclij  •>  j,'Yfcet/i/  tiiiiijifr  pforfnn,  but  is  usually  associated  with  more 
■  tr  k-'-Jtitti/  lU-tjrneration.  This  indicates  some  qualitative  error  in  the 
metabolism  Of  the  cells.  It  will  be  seen  subsequently  that  iiitty 
degeneration  arise-  from  causes  very  similar  to  those  which  produce 
atrophy  itself. 

All  the  tissues  of  which  an  urgnii  consists  may  waste ;  but  the  term 
"atrophy"  implies,  primarily  aud  chiefly,  wasting  of  its  characteristic 
opposed  to  the  stroma.  The  vessels  and  nerves  also  share  in 
the  wasting  process.  The  Jihnms  eon-tihii'iils  niv  the  hist  to  atrophy  ; 
Indeed,  as  the  higher  cells  shrink  and  disappear  the  connective  tissue 
of  tfae  organ  tend-  to  htrri->t*r  (c<  ■jtliiffun-nl  filiroKi*) — as  in  the  secondary 
"scleroses"  of  the  spinal  curd.  The  overgrowth  of  connective  tissue 
11  wefa  cases  i-  probablj  due  to  the  fact  that,  owing  to  the  death  of  the 
bigber  cells,  a  larger  blood-supply  than  before  is  available  for  the  less 
specialized  tissue.  It  is  also  possible  that  substances  formed  in  the 
process  pf  degeneration  of  the  higher  cells  may  net  as  irritants  to  the 
connective  tissue  and  provoke  its  overgrowth. 
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The  naked-eye  recognition  of  atrophy  is  often  difficult  Atrophia) 
organs  QOBtain  tew  blood,  and  arc  drier,  paler,  tougher,  and  atom 
Bbraaft-looUna  than  in  health.  But  the  great  criterion  is  the  a*i 
in  weight  and  sue  of  an  organ  ;  these,  however,  vary  considerably 
bail th — proportionately  with  the  weight  and  size  of  the  whole  body; 
moreover,  they  may  be  email  from  incomplete  development  Again, 
accumulation,  of  blood  and  ether  fluids  in  an  atrophied  organ  may  bring 
it-  weight  and  atae  Up  to  OC  beyond  the  average,  although  its  essential 
tissue  is  eonaiderably  diminished  in  amount  The  aame  fallacy  may 
arise  from  overgrowth  of  the  fibrous  stroma  of  an  organ. 

Etiology. — Atrophy  may  be  caused  by  (1)  deficiency  in  the  supply 
of  nutriment,  (2)  diminution  of  function,  (3)  exhaustion  of  the  in- 
herited vital  energy,  or  (4)  removal  of  trophic  nervous  influence. 

1.  Deficiency  in  the  Supply  of  Nutriment. — The  effect  of  diminishing 
the  blond-supply  to  a  purt  will  vary,  according  to  the  degree  of  the 
diminution,  from  slight  atrophy  to  absolute  nivro-is. 

This  cause  of  atrophy  may  Iw  brought  about  in  various  ways :  (1) 
/>'(/  r/fwfriiftifm  tif  tin-  mijuJifiinj  m'.W.i  lirjurf  tli-y  nit.r  n  part.  Thus 
pressure  of  an  abdominal  aneurism  on  (lie  spermatic  artery  may  cause 
atfOphy  of  the  testis;  and  fracture  of  a  long  bone,  above  the  point 
where  its  nutrient  artery  enters,  may  result  in  wasting  of  the  Uppet 
fragment  (8)  By  uniform  <m<l  continuous  pressure  which  doea  not 
eompreai  the  veina  disproportionately.  Thus  atrophy,  even  of  Itones, 
result-  (roni  pressure  of  aneurisms  and  tumors  ;  deep  fissures  are  formed 
in  solid  organs  from  pressure  of  hand-like  adhesions;  atrophy  of  the 
kidneys  will  follow  obstruction  in  the  urinary  passages  ;  and,  rarely. 
wasting  of  a  testis  may  be  due  to  ] ire-sure  of  an  old  hematocele  or 
hydrocele.  Pressure  may  "I-**1  arise  within  an  organ  by  the  appeanincv 
of  some  new  growth  disiending  its  capsule  and  pressing  on  the  real  "! 
its  contents,  or  In  the  formation  of  bands  of  contracting  cicatricial 
tissue  traversing  its  interior.  The  effect  of  the  latter  process  is  seen  in 
cirrhosis  of  the  liver.  In  all  "  pressure-atrophies  "  the  constant  pressure 
■Ian  acta  directly  on  the  cells  of  the  part  Miid  thus  impairs  their  p  ■  ■■  i  |  -. 
(31  By  jinilim  ii)l>n>efl"i»n  The  circulation  is  impeded,  as  the  blood  is 
not  returned   normally  by  the  veins.      Hence  there  is  deficient   arterinl 

■apply,  and  atrophy  resulta.     This  i-  seen  in  the  passively  <. ^r-i.  <! 

liver  of  heart  disease. 

2.  Diminution  of  Function. — Atrophy  always  cans.'-  diminished  fnnc- 
ii..ii:il  activity;  bat  sometimes  diminishi-d  functional  activity  Beams  to 
\k  itself  the  QBuee  of  atrophy  (tftfTiWT  rrfnTpfty) 

Dfmfntsbed  funotional  activity  of  a  part  implies  that  the  chemical 

processes    in    it-  cells  are   less  active    than    mal ;   Buch  cells  require 

h-s  food.  I  low  the  needs  of  each  (issue  influence  the  vasomotor 
mechanism  is  not  understood  :  but  the  supply  is,  as  a  rule,  Speedily 
adapted  to  any  variation  in  the  demand.  Consequently,  tissues  "ill, 
■ooa  after  they  have  ceased  to  perform  their  functions,  receive  only 
sufficient  material  for  those  ohemical    processes  which  still  go  on  in 
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them.      This  is  insufficient  to  maintain  lln?  mass  of  protoplasm  required 
to  do  the  full  work  of  the  li-sue  ;  so  -nine  of  il  atrophies. 

Muscles  atrophy  when  they  an1  rendered  inactive  by  chronic  disease 
of  joints,  by  splint-,  or  by  paralysis  from  disease  or  injury  of  the  ner- 
vous .system  ubnee  the  anterior  coronal  nils  with  which  they  are  con- 
nected— i.  p.,  by  an  "  upper  segment "  lesion.  When  the  muscles  of  a 
pari  wa-tc,  all  il-  oilier  tissues — nerves,  vessels,  bones,  and  skin — suffer 
ultimately  from  impaired  blood-supply.  Thus,  in  part  at  least,  we  may 
explain  wasting  uf  the  lione  in  a  slump  or  limb  long  kept  at  rest;  the 
absence  of  that  intermittent  pressure,  which  it  is  the  function  of  boned 
tn  bear,  is  probably  a  secondary  cause:  at  all  events,  increased  strain 
in-.  -  In  pertrophy  of  a  hone.  After  removal  of  the  distal  part  of  a 
linih,  the  main  artery  and  branches,  supplying  it  become  smaller  and 
thinner.  The  rectum  dwindles  after  colotomy  to  a  scarcely  pervious 
cord  :  in  this  case  the  passage  of  tires  over  the  mucous  membrane  no 
doubt  acts  as  a  stimulant  to  its  vessels,  as  well  as  an  excitant  of  muscular 
Bel  ion,  and  as,  after  colotomy,  the  rectum  is  never  distended,  its  tissues 
adapt  themselves  to  the  empty  condition. 

3.  Exhaustion  of  the  Inherited  Vital  Energy. — After  birth,  those 
parts  which  are  no  longer  required  in  the  altered  circulation  gradually 
atrophy.  The  umbilical  arteries  and  vein  become  thrombosed  up  to 
their  first  branches,  and  shrink  to  a  fibrous  cord  as  the  clots  organize — 
just  like  any  other  vessel  eut  across  or  tied.  But  this  does  not  explain 
the  closure  of  the  duet  us  venosus  or  ductus  arlvriosiis,  in  which  the  con- 
ditions are  not  favorable  to  thrombosis.  Obliteration  of  these  vessels 
can  at  present  be  spoken  of  -imply  a.-  a  developmental  fact,  comparable 
to  closure  of  the  foramen  ovale.  The  Wolffian  body  disappears  as  the 
kidneys  develop,  and  the  thymus  wastes  in  the  second  year.  These, 
perhaps,  are  example-  of  atrophy  of  organs  following  the  development 

1  better  fitted  to  do  the  work — illustrating,  as  it  were,  the  con- 
if  the  [aw  that  when  an  organ  atrophies  or  is  removed,  correlated 
by  pertrophy  ami  lake  on  its  function.      (Sec  Hypertrophy.) 
The  female  generative  organs  atrophy  at  from  forty-five  to  fifty  years 
of  age,  the  male  somewhat  later;  the  spleen  and  whole  lymphatic  sys- 
tem wa-tc  after  middle  life  :   probably  in  these  eases  the  vital  energy  of 
the  cells  of  the  parts  concerned  is  exhausted  about  the  times  mentioned, 
and  diminished  function  is  the  result — not  the  cause. 

4.  Removal  of  Trophic  Nervous  Influence. — When  a  muscle  is  cut 
•iff  from    its   connection    with   the  edit  in  tite  anterior   eontw,  or  when 

Us  are  destroyed  or  seriously  injured  (l(iii-<;-xiym'-nt  knioti),  fatty 
dege Deration  of  the  muscle,  a   more  rapid   process  than  simple  atrophy, 
■^■t.s  in.      Examples  of  this  arc  afforded  by  the  acute  bulbar  and  spinal 
■  ■  of  adults,  infantile  paralysis,  some  cases  of  progressive  djus- 
ropby,  neuritis   from  any  cause,  and  rupture,  contusion,  or  sec- 
1    nerve.      Salivary  glands    waste    on  section   of  their   nerves. 
V ■:■%-<•-  cut  off  from  their  ganglion-cells  (of  which  they  are  loug  proc- 
esses) also  degenerate  rapidly  and  waste.      In  all  these  cases  the  iuter- 


44  KVTRiTmm  impaired. 

stitiaJ  connective  tissue  increases,  and  often  be •-  loaded 

an  the  higher  tissue  disappears,      (See  Diseases  'it'  Nervous  Sv-!i  in.  | 

General  Atrophy. 

The  term  general  atrophy  is  sometimes  employed  as  11  synonym  fn 
general  wasting  of  the  whole  body.  In  general  wasting,  the  lint  nam 
to  atrophy  is  the  sabenlaneoafl  adipose  tissue;  the  fat  around  the  via- 

eora,  in  the  iimentiim,  and  in  other  parts  follows,  then  the  muscles  .nut 
glandular  orguus,  and,  lu>t  of  all,  the  osseous  untl  nervous  tissues. 

General  ntrophv  umv  In.-  caused  by  : 

L  Deficiency  in  the  Supply  of  Nutriment. — Tims  the  following 
.liiiiiii-  may  all  be  causa  of  general  atrophy  :  deficient  supply  of  (bod  : 
obstruction  to  the  passage  of  food  into  the  stomach  or  intestines,  a-  in 
stricture  of  the  ie-oph:igus  or  pylorus  ;  the  defective  assimilation  which 
results  from  the  various  conditions  giving  rise  to  dyspepsia  ;  interferenoi 
with  the  absorption  of  the  chyle,  from  obstruction  nf  the  thoracic  dud. 

2.  Excessive  Waste. — All  conditions  attended  by  the  loss  of  larg* 
quantities  of  nutritive  material  may  also  he  causes  nf  general  atrophy. 
Among  then  an  :  continuous  hemorrhages  ;  profuse  ami  icngsnatinued 
suppuration  from  ohxonic  bone  disease  or  empyema  :   diarro 

the  axendon  of  large  quantities  of  albumin  in  Bright'.-  disease  or  of 
stig:ir  in  diabetes  mellitus.  The  waste  from  increased  tissue-change  ac- 
oofopanytog  ennln  fnhrlli;  itinmncin  must  also  be  included  under  this  head. 

3.  Action  of  Poisons. —  In  children  who  are  the  subjects  of  eon- 
genital  syphilis  very  marked  wasting  of  all  the  tissues  may  occur, 
apart  from  such  muss  a-  vomiting  or  diarrhoea.  This  wasting  tnnenH 
to  be.  analogous  to  the  local  atrophies  nf  the  nervous  system  ftthei 
dorsali-,  etc.  i.  which  an'  caused  by  syphilis,  and  to  lie  due  to  the  direct 

ariioii  of  tin-  vims  nf  tin-  djanaiw 

Although  general  atrophy  may  occasionally  Ih'  referred  t "i 

the  foregoing  censes,  ii   i-  usually  due  to  the  combined  inftnenee  of 

two  or re  of  them.     The  atrophy  associated  with  pulmonary  tulwr- 

r  ulo-is,  fbr  example,  result-  partly  from  Iom  of  nwW&tw  maieriai  in 
profane  expectoration  and  diarrhoea,  partly  from  ilrfidcni  *ti)*j,l>t  con- 

M-cpit-nt  upon  imperfect  oxidati f  the  blood  and  upon  mternrence 

with  a--iiuilaiimi  which  is  so  often  caused  by  structural  changes  ill  the 
stoinaeli  and  intestines,  and  jiartly  from  the  iin-niiMil  nssue-aKHH  at 
lever.  In  the  wasting  of  old  age,  in  addition  to  the  general  diminution 
of  nutritive  activity,  there  is  frequently  some  condition  of  the  diges- 
tive organs  which  interferes  with  assimilation  ;  tin-  materially  aid*  in 
producing  the  ultimate  result.  Inercased  tissue-waste,  loss  of  appetite, 
and  Interftfence  with  assimilation  all  help  to  produce  the  atrophy  which 

accompanies  fever. 

Atrophy  of  Bone. 

As  in  other  tissue-,  atrophy  of  bone  is  usually  accompanied  by  more 
or  leas  rattj  degeneration.      (Jtd  ";/'■.   lUnnne,  and  eonntiml  iirrxxurr  u 
it-  mi*-t  fmpieui  ooflaea. 


OLOODt  SWXL&ntQ. 

When  due  to  old  age,  there  is  diminution  in  weight,  but  no  change 

in  NK.  The  loss  of  weight  is  the.  result  of  the  gradual  conversion  of 
the  compact  tissue  into  one  closely  resembling  the  cancellous.  The 
spaces  become  larger  and  their  bony  walls  thinner;  the  consequent 
brittleness  of  the  bone  is  therefore  a  marked  feature.  This  form, 
known  a*  eccentric  atrophy,  occurs  with  other  senile  changes,  and 
generally  affects  all  bones,  but  is  specially  market!  in  the  neck  of  the 
li'imir,  rendering  it  liable  to  fracture  from  trivial  injuries. 

Atniphy  from  diitune  or  from  ennxtant  pretwuir  is  accompanied  by 
diminution  in  size  as  well  as  in  weight.  The  bone  beneath  the  perios- 
ti'uin  is  gradually  absorlted,  and  the  medullary  canal  shrinks  propor- 
tionately. This  variety  is  known  as  concentric  atrophy,  but  the  changes 
characteristic  of  the  eeeentrie  form  are  often  present  as  well.  It  is  a 
local  alteration,  and  is  met  with  especially  in  the  long  bones,  in  cases 
of  long-standing  ankylosis,  dislocation,  or  paralysis.  The  efl'ect  of 
constant  pressure  in  the  production  of  atrophy  is  well  shown  in  the 
enlargement  of  clefts  and  perioral  ions  of  die  hard  palate  which  often 
results  from  the  insertion  of  plugs.  These  interfere  with  the  blood- 
supply  and  thus  cause  atrophy. 

Atrophy  of  bone  must  not  be  confounded  with  arrested  development. 
The  latter  is  commonly  met  with  in  the  later  stages  of  infantile  paral- 
ysis. A  very  similar  result  may  be  produced  by  anything  which  causes 
premature  ossification  of  an  epiphysis,  such  as  rickets,  inflammation,  or 
injury.     These  are  the  common  causes  of  stunted  limbs. 


II.  DEGENERATIONS. 

The  degenerations  (p.  40)  may  be  advantageously  arranged  in  three 
groups:  (1)  clomlif  Mice/tiny  and  fatty  changes,  including  fatty  infiltra- 
cumulation)  and  fatty  degeneration  ;  (2)  mucoid,  colloid,  hyaline, 
and  amyloid  di-f/i'iH'rtiliiMM,  resembling  one  another  in  the  transparent 
struct ure less  character  of  the  degenerative  product;  and  (3)  ealcureoan 
infiftrirtioii  mid  pigmentary  changes. 


CLOUDY   SWELLING. 

Cloudy  swelling,  sometimes  known  as  ptirenchymaloiui  or  granular 
niton,  or  uibtiminwi*  infill 'ration,  i^  a  frequent  change,  being 
found  in  all  diseases  attended  by  considerable  pyrexia.  Wickham 
Lcgg  a,)d  Liebermeister  produced  it  by  subjecting  animals  to  a  high 
external  temperature  ;  they  therefore  regarded  the  chauge  as  due  sim- 
ply to  the  fever,  which,  in  their  opinion,  caused  increased  destruction 
of  protcid.      Against  this  view   it  may  l>e  urged  :  (1)  that  increased 

:i if  tis-ue   may  itself  produce  the  elevation  of  temperature; 

i  'J  i  tliat  tin'  change  i-  less  marked   in  long-continued  levers  than  in  the 

short   livers  of  the  acute  specific  diseases;  and  (3)  that  the 

degeneration   is  specially  pronounced   in   severe  cases  of  diphtheria,  in 
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which  disease  the  temperature  is  often  low.  All  this  leads  toth 
th:it  .more  rise  of  temperature  i-  not  the  most  active  cause.  A  mow 
probable  explanation  is  that  the.  infective  materia]  in  the  blrmil — the 
rause  nf  the  fever — has  a  more  or  less  deleterious  action  on  the  tissues. 
This  is  supported  by  the  observation  (hot  cloudy  swelling  is  tlie  first 
change  noticeable  in  poisoning  by  phosphorite,  arsenic,  and  the  mineral 

aciils,  :ill   of  which  lead  ultimately  to  fatty  degeneration  of  protoplasm. 

Again,  doody  swelling  is  found  in  inflamed  parts;  and  we  shall  see  later 
that  inflammation  is  always  due  to  the  action  nf  an  irritant,  whieli,  if  it 
were  of  sufficient  intensity,  would  produce  death  of  the  tissue.  It 
would  appear,  therefore,  that  r/imth/  Kini/iui/  i.i  'In,-  to  l!w  nrficm  epSS) 
tin  ttemei  of  •oaw  poi»on  which  tends  to  cause  their  dtaih  .-  elevation 
of  the  temperature  of  protoplasm  above  the  normal  may  assist  it- 
action. 

In    considering    the    histology   of    this    change,    we    shall    find    that 
advanced   cloudy   swelling    passes    insensibly    into    latty    degeneration  : 
it   is,  therefore,  to  be   regarded   as  the  Jii-xt  rtrp  t'limrd  ftrffy  d 
turn. 

Seats. — The    liver,   kidneys,    heart,   and    voluntary    muscles    she** 

the  change  BBOst  plainly  ;  but  probably  nil  protoplasm  suffers.  The 
change  may  lie  much  more  advanced  m  some  organs  than  in  others, 
owing  probably  to  some  sjwciul  stress  to  which  the  organs  inosi  affected 

haute  been  subjected. 

Appearances.— 1.  Microscopic. — The  cells  in  unstained  BpefaBWoe 
are  swollen  and  their  protoplasm  i- 
finely  granular,  the  nucleus  and  any 
cell-strueiure  being  ohaoure  or  bvu 
indistinguishable:  the  granules,  which 
first  appear  like  a  precipitate  in  the 
cells,  refract  light  but  ffeeblv  ;  they 
are  unstained  by  osmic  acid  ;  thev 
dissolve  in  dilute  acetic  acid  but  nut 
in  ether,  and  are  therefore  albuinimnid 
(Fig.  10).  In  advanced  oases,  larger, 
strongly  refracting  granules,  blacken- 
ing with  osmic  acid,  and  soluble  in 
ether  but  not  in  acetic  acid — therefore 
fatty — are  found  associated  with  the 
albuminous  granules.  The 
organs  recover  in  those  cases  in  which 

the  primary  disease  does  not  prove  fatal,  although  many  individual  eeUl 

msj  die  and  disappear. 

2.  Naked  Eye. — When  the  change  i-  well  marked,  the  affected  organs 

■re  somewhat  swollen,  and  may  be  cither  anemic  or  slight  1)  hyp 

the  surface  uf  a  section   bulges  a  little;  and   the  tissue  is  rafter  and 
opaque  than  natural. 
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Muwiilur  ItWH  tit  the  heart, 
from  »  cine  of  severe  ty- 
phoid fuver.  The  fihreii 
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Effects. — This  change  is  a  sign  of  the  impaired  health  of  the  cells  : 
their  vital  activity  will  therefore  be  proportion- 
ately  affected.      Its  most  serious  effect  is  tijxm  Fl°-  ]1- 

ill.1  beart-miucle  :  the  vigor  of  the  contraction 
is  always  much  impaired. 

The  Kidneys.— The  cortex  is  principally 
■flhoted.  The  Malpigbian  bodies  and  the  pyr- 
amids arc  usually  hypeivemie,  and  contrast  with 
the  general  pallor  of  the  cortex.  The  tubal 
epithelium  presents  the  apjicarauees  dcscriljcd 
above;  they  are  well  Beea  in  the  early  stages 
hi'  scarlatinal  nephritis. 

The  Heart. — The  walls  of  the  heart  become 
pule  and  soft.  The  muscular  fibres  are  finely 
granular,  and  have,  in  many  places,  lost  their 
distiiicl  striation  (Fit;.  1 1  )■ 

The  Lungs. — The  change  cannot  be  recog- 
nized   by  the  naked  eye.      The  epithelial  cells, 

aooonling  to  Buhl,  are  swollen  and  granular  from  the  presence  of  albu- 
minous and  fattv  particles,  and  are  easily  detached  from   the  alveolar 

walls. 

FATTY   CHANGES. 

The  abnormal  appearance  of  fat.  in  the  tissues  mav  result  In  mi  eilhcr 
n.-i ■iiimilation  (infiltration)  or  degeneration.  Examples  of  both  occur 
in  health  {pp.  49,  55). 

According  to  Cohnhcim,  all  fat  found  in  the  body  has  the  same 
ohanueal  composition — being  a  mixture  of  tripahnitin,  triolein,  and 
iristearin.  ft  does  not,  however,  follow  that  U  is  not  liable  to  special 
and  exceptional  modifications,  particularly  in  the  case  of  fatty  accumu- 
lation ;  for  if  dogs  are  fed  on  colza-oil,  Linseed-oil,  or  mutton-Sit,  the 
melting-point  of  the  deposited  fat  will  vary  with  that  of  the  form  in 
which  it  was  given  ;  while  in  the  case  of  the  colza-oil  diet  the  tissues 
will  contain  erode  acid,  which  under  ordinary  conditions  is  absent 


L  FATTY  ACCUMULATION. 

In  fatty  accumulation,  fat  brought  by  the  blood  is  taken  up  and 
deposited  in  the  substance  of  certain  cells,  especially  those  of  (1)  cori- 
Ha&M  turn*,  (2)  the  medulla  of  limb-bones,  and  (3),  to  a  less  extent, 
thorn  of  the  fin-i'.  Tlic-e  serve,  plivstnliigically,  as  reservoirs  of  fat. 
[t  is  impossible  to  draw  any  line  between  normal  and  pathological  fatty 
accumulation  so  long  as  the  process  is  confined  to  those  cell-groups 
which  are  physiologically  liable  to  this  change.  Thus  the  subcutaneous 
fat  and  fbe  fat  normally  present  on  the  surface  of  the  heart,  alontr  the 
vessels,  in  middle-aged  adults  varies  much  in  amount  consist- 
ently wiib  perfect  health.      But  when  the  fat  spreads  widely  over  the 
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surface  of  the  heart  it  is  clearly  abnormal  ;  and  the  evidence  of  disease 
is  -till  stronger  when  the  tin  appears  between  the  musoohu 

cells   which    normally    contain    none.      The  tendency   to  morbid    fatty 
accumulation  may  lie  general  (iMcaity)  or  local. 

Causes.- — I.  Excess  of  Food.- — II  may  lie  stated  generally  that. 
whenever  nutritive  material  is  present  in  the  blood  in  excess  of  Ibt 
amount  required  for  the  supply  of  force  and  maintenance  of  beat  in  the 
body,  then  is  a  tendency  (..  the  deposit  (storage)  of  fat,  first  in  regtoni 
in  which  it  is  normally  present,  and  later  in  parts  which  usually  ota> 
tain  none.  For  this,  ht  itsdl'  need  not  be  present  in  excess  in  the  fix-l; 
the  presence  of  i-rir/i»lii/'lrii!iM  iii  quantity  sullieienl  to  satisfy  the  wants 
of  the  organism  will  protect  fat  from  oxidation  and  lead  to  it*  deposi- 
tion.    The  pratads  of  the  food  may  also  In-  split  into  nitcogei -  asd 

non-nitrogenous    factors,   and    from    the    latter  of   these    tilt    may    In- 
formed. 

2.  Inherited  Tendency. — Nothing  is  inure  certain  than  that  a  ten- 
danO)  tu  uU'sity  or  to  Leanness  runs  in  families;  and  it  is  notorious 
thai  some  very  stout  people  are  small  eaters  and  take  active  | 
whilst  many  thin  subjects  an-  just  the  reverse.  C'ohnheim  has,  it  is 
true,  advanced  the  hypothesis  that,  in  the  former,  oxidation  is  nalnrallv 
slow  anil  un perfect,  but  wc  know  of  do  experimental  facts  in  Mipport 
of  the  view. 

3.  Disordered  Metabolism. — This  may  result  from  sedentary  and 
luxurious  habits,  lassitude  of  mind  and  body,  lufdi  external  tempera- 
ture, destruction  of  milch  long-tissue  by  chronic  disease,  or  reduction 
of  the  oxygen-carrying  power  of  the  blood  owing  to  diminution  of  red 
corpuscles  or  of  their  haemoglobin.     Some  suppose  that   the  fat  con- 


:   >  normal  diet  may  under  such  ciri-uiu-Luices  he  incompletely 
oxidized  ;  and  that  oxidation  may  be  diminished  by  slow  circulation  or 
by  the  circulation  of  deoxidized  blood  through  a  part — conditions  which 
mally  obtain  in  the  liver  and  in  part-  thrown  out  of  work — a*  in  a 


FATTY   DEGESKRATIOS.  4!) 

tnttule  kept  at  rest.  There  is,  however,  no  adequate  proof  of  this. 
Excess  of  fat  may  sometimes  he  present  in  the  fluids  around  certain 
oelk — •:  ;/.,  the  liver-cells  after  a  meal  containing  much  fat,  and  the 
oonoecttve-tueue  cells  and  wandering  cells  near  a  focus  of  fatty  dc- 

Appearances. — 1.  Microscopic. — Cells  in  which  fat  is  accumulating 
are  Been  to  contain  droplets  of  oil — very  small  at  tirst,  but  still  dis- 
tinct droplets  (Fig-  12).  These  run  together,  push  the  cell-nucleus 
wide,  ami  distend  the  cell  until  its  original  contents  seem  to  have  be- 
come a  mere  capsule  to  the  fat  (Fig.  13).  As  the  fat  is  added  to  the 
previous  i-ell-con  tents,  the  cell  is  enlarged  in  proportion  to  the  amount 
i-i'  l;it  it  contains. 

2.  Naked  Eye. — An  organ  in  which  fat  lias  accumulated  is  more  or 
|i--  swollen.     Any  sharp  edges  it  may  possess  tend  to  become  thick 
and  rounded.     It  is  more  or  less  pale  and  yellowish 
.in  ;ici-miTit  of  anaemia  (from  increased  intracapsular  Fig.  13. 

unsure)  and  the  presence  of  fat;  it  is  doughy  and       ^SL 
inelastic,  and  both  receives  and  retains  an  impression       WSSs     ^sn^. 
from  the  pressure  of  a  finger ;  and  it  is  softer  than       ^S8»     v'HK^ 
natural.     But,  except  mechanically,  the  fat  need  not         _     ^gjj*/ 
appreciably  hinder  the  protoplasm  of  the  organ  from 
discharging    its    functions.      Ultimately,    however, 
■   Upon  the  cells  projH>r  may  become  so  severe 
that    they   may  fail  to  get  sufficient  nourishment; 
ili.v  will  then  undergo  tatty  degeneration  and  atro- 
phy.    The  knife  used  to  cut  a  fatty  organ  becomes 
greasy,  and    may  show  distinct  drops  of  oil  on  die  imTinn" h "  l>-"':«"i' 

blade.  {itfndfleiMh.) 

Seats. — The  parts  affected  are  those  physiologically  liable  to  the 
proi-ess — viz.,  ciiiiiiei-tin-tixxiie  cells  and  linr-erllt:  with  regard  to  the 
former,  it  is  to  Ik-  noted  tliat  normally  the  cells  of  the  interstitial 
connective  tissue  of  working  organs  (muscles,  nerves,  and  glands)  are 
ti"t  affected,  but  may  become  so,  especially  if  the  activity  of  the  orpin 
is  in  any  way  arrested.  In  obesity — the  commonest  manifestation  of 
morbid  fatty  accumulation — the  subcutaneous  and  subperitoneal  eon- 
iiciivc  tissues  suffer  earliest  and  most,  the  accumulation  spreading 
later  to  the  interstitial  connective  tissue  of  organs  In  which  metabolism 
a  still  apparently  normal,  as  m  the  heart. 

H.  FATTY    DEGENERATION. 

This  differs  from  fatty  accumulation,  inasmuch  as  the  fat  is  formed 
by  fihangea  in  the  protoplasm  of  the  cells  themselves.  There  is  reason 
in  Iwlieve  that  cell-protoplasm  takes  up  oxygen  and  splits  into  a  nitro- 
gemms  molecule,  which  is  the  lirst  stage  in  the  formation  of  urea,  aud 
a  nOU-oitrogenoiifl  molecule  which  forms  fat.  In  the  process  of  healthy 
nutrition,  these  products  of  tl>«  metabolism  of  the  cell  aivrtill  further 


o 
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oxidized  and  then  removed.  Consequently,  we  do  not,  except  in  <li.- 
owe  of  the  Intestinal  epithelium  and  the  liver-cells,  find  fat-granule-,  in 
healthy  cells.  When,  however,  a  whole  cell  or  many  oells  die  and  an 
protected  from  ferments,  evidence  of  fatty  degeneration  of  protoplasm 
is  toon  forthcoming.  This  we  can  watch  in  various  physiological  DP> 
ccs.-es— c.  -/.,  r)i<'  formation  of  sebum  iinil  it  rumen.  In  both  of  these 
(fag  fatty  degeneration,  death,  casting  off,  and  disintegration  of  HBMV- 
lieial  cells,  and  the  constant  production  of  new  ones  in  the  deeper  layers, 
play  n  chief  part.  Evidence  of  the  same  process  is  seen  in  die  tarn 
degeneration  of  the  muscular  fibres  of  the  uterus  undergoing  involution. 
It  was  formerly  supposed  that  the  transformation  of  entire  bodies, 
which  have  lain  for  many  weeks  or  months  in  water  or  damp  soil,  into 
if/i/HH-i-re — a  soap  formed  by  the  combination  of  fat  with  ammonia  and 
lime — was  an  illustration  of  the  same  process,  but  this  chaxtgi 
generally  believed  to  be  due  to  the  action  of  micro-organism;-. 

It  is  now  universally  recognized  that  the  (at  seen  in  the  muscular 
fibres  in  fatly  degeneration  is  the  result  of  a  change  in  the  fibres  theni- 
mKi-,  and  is  not  derived  from  without.  The  experiments  of  Vott  and 
Banal  prove  this,  These  experiments  were  made  to  determine  the 
source  of  the  fat  in  the  acute  tatty  degeneration  produced  by  poisoning 
with  phosphorus.  Dogs  were  starved  for  twelve  days,  so  that  :ill 
available  fat,  whether  in  the  tissues  or  in  the  food,  might  be  exhausted. 
At  this  period  the  daily  excretion  of  nitrogen  (urea)  avenged  •  agfaf 
grammes.  Small  doses  of  phosphorus  were  then  given.  Tin 
daily  excretion  of  nitrogen  at  once  rose  to  twenty-four  grammes,  while 
the  amount  of  oxygen  taken  up,  and  that  of  carbon  dioxide  given  GtT, 
were  enatlv  diminished.  The  animals  were  then  killed,  and  large 
quantities  Of  fat  were  found  throughout  the  body.  The  increase  in  DM 
excretion  of  urea  showed  that  the  destruction  of  proteids  was  «]*< 
increased  ;  and  the  presence  of  the  large  quantities  of  tat  found  after 
death  made  H  highly  probable  that  it  had  been  formed  as  part  of  the 
general  proteid  destruction.  In  other  words,  the  phosphorus  produced 
very  extensive  and  general  fatty  degeneration,  and  the  jot  nuud  htirr 
ariwn  from  0<r  protopbum  of  t}<e  cefls.  Voit  concluded  from  these 
investigation-  ( 1  )  thai  the  transformation  of  eell-proteid  is  independent 
of  (be  supply  of  oxygen,  but  that  if  oxygen  be  deficient,  the  fat  and 
other  products  of  the  transformation,  being  incompletely  oxidized,  ac- 
cumulate in  the  cell  ;  (2)  that  the  presence  of  fat  in  the  oells  may  thn- 
lic  due  to  increased  transformation  of  the  proteid  matter,  or  to  dimin- 
i-hed  oxidation  of  the  products  of  its  decomposition  ;  and  (3)  that  th. 
tatty  degeneration  in  poi.sotibig  by  phosphorus  is  due  ]>oth  to  an  in- 
creased transformation  of  the  ccll-proteid  and  to  diminished  oxidation 
of  the  fai  and  other  products  of  the  transformation. 

On  the  oilier  hand,  experiments  were  made  by  lio-^nfeld,  whose 
results  have  l>ecu  confirmed  by  others,  tending  to  show  thut  flic  fat 
found  in  liver-ei  lis  ;,-  a  result  of  phloridzin- poisoning  is  taken  up  by 
the-e  cells  from  the  bit  Mid  and  is  no!  formed  l>v  breaking  down  of  tbV 
eell-protopla~m  itself  Rosen  fold  starved  dogs  till  all  their  fat  bad 
<ltstipi(oirrt>,  jnd-tlii-n  l-y  fycdiag . ibera  «itli   tallow  caused  this  shoor- 
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nial  form  of  fut  to  be  stored  up  in  the  adipose  tissue  in  the  place  of 
the  normal  kind.  On  ad  mini  stvring  pbloridzin  to  dogs  thus  treated, 
ii  m  found  that  the  liver-cells  contained  tallow  in  plane  of  the  fat 
normally  produced  in  dogs  by  the  action  of  this  poison  :  tins  tallow 
mu.-t  have  been  taken  by  the  liver-cells  from  other  ports,  being  con- 
veyed to  them  by  the  blood-stream.  It  must  therefore  be  admitted 
that  our  views  on  the  subject  of  fatty  degeneration  muv  need  revision  ; 
but  at  present  there  is  scarcely  sufficient  evidence  to  overthrow  the 
aooepitd  theory. 

Stolnikow  and  Gnule  have  published  experiments  which  seem  to 
show  that  fat  can  be  produced  by  the  decomposition  of  hrithin,  the 
phosphu retted  fat  of  the  nervous  system,  and  a  constituent  of  many 
other  tissues.  According  to  these  observers,  ghecro  phosphoric  acid, 
stearic  acid,  and  eholin  arc  formed  in   the  process. 

Etiology. — Fat  being  a  possible  intermediate  product  in  the  met- 
abolism of  a  cell,  its  presence  in  an  unusual  situation  indicates  some 
iiLc-.rjijilvteness  of,  or  disturbance  in,  the  metabolism.  This  alteration 
in  nx-f:tl«>lism  is  due  either  (I.)  to  the  insufficiency  of  the  supply  of 
nutriment  to  meet  the  demand  of  the  cell,  the  protoplasm  of  which 
consequently  breaks  down;  or  (II.)  to  the  inability  of  the  cell  to 
utilize  the  food  placed  at   its  disposal. 

I.  The  insufficiency  of  the  supply  may  be  due  to  primary  defects 
in  the  supply  itself  or  to  an  unusual  increase  in  the  demand.      (1)  The 

blood-wpply  may  '»■  simply  diminished,  as  in  chronic  arterio- 
sclerotic changes  in  the  coronary  arteries,  causing  narrowing  of  their 
lumen  and  consequent  diminution  of  the  supply  of  blood  to  the  ninsclc- 
obIIb  of  the  heart.  (2)  Increased  work  may  fall  upon  the  eetta  with- 
out any  cor  resfioui  lint/  increase,  in  their  blond -supjilif.  Thus  the  fibres 
of  a  much  hypertrophicd  heart  may  undergo  fatly  degeneration  because 
the  coronary  arterie — themselves  free  from  disea.se — are  unable  to 
famish  the  requisite  supply  of  nutriment.  This  cause  is  also  possibly 
operative  in  the  fatty  degeneration  occurring  in  febrile  states,  as  in- 
creased temperature  promote*  disintegration  of  the  cells,  while  no 
additional  supply  of  food  reaches  the  tissues;  but  here  the  action  of 
pofaooa  cannot  !»■  excluded.  ('.'!)  A'-huit  ilcjiricwicx  in  flu  li/rnul  mitt/ 
iwpm'i-  it*  nutritive  value.  In  this  case  the  change  princi|>ally  consists 
in  a  marked  diminution  in  the  corpuscles  and  especially  in  the  luemo- 
gMrin,  ami.  therefore,  in  the  oxygen-carrying  power.  The  fittty  de- 
generation i>  most  marked  in  pernicious  antemia,  in  which  the  total 
Volume  of  blood  is  much  diminished.  In  these  cases  there  is  but  little 
tendency  to  fatty  degeneration  in  those  porta  which  can  lie  kept  in 
comparative  rest  ;  for  anaemia,  while  seriously  interfering  with  the 
reserve  power,  is  rarely  intense  enough  to  diminish  the  respiratory 
exchange  usual  during  re-!. 

II.  The  failure  of  the  cell  to  make  use  of  the  material  placed  at  its 
disposal  is  probably  the  more  important  cause.  (1)  This  may  be  the 
retail  of  the  action  of  bacterial  toxin*,  such  as  that  of  diphtheria,  which 
causes  fatty  degeneration  of  voluntary  muscle-fibres,  including  those  of 
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the  heart ;  or  that  of  tubercle,  which  leads  to  a  corresponding  degenera- 
tion of  the  affected  cells.  (2)  It  may  also  depend  upon  the  influence 
of  inorganic  poisons,  such  as  phosphorus,  arsenic,  alcohol,  and  carbon 
monoxide,  which  act  directly  upon  the  protoplasm,  and  possibly,  accord- 
ing to  some  pathologists,  prevent  in  some  way  the  storage  of  oxygen. 
(3)  In  many  cases,  the  failure  of  the  cell  must  be  regarded  as  a  senile 
change  and  dependent  upon  exhaustion  of  the  inherited  vital  capacities 
of  the  cell.  This  is  possibly  a  factor  in  the  fatty  degeneration  of  cancer- 
cells,  which  may  occur  independently  of  any  limitation  of  blood-supply. 

Appearances. — 1.  Microscopic. — The  microscope  is  necessary  for 
the  recognition  of  the  earliest  stages  of  this  degeneration.     The  fat 

appears  as  minute  granules,  first  of  all 

Fig.  14.  in  the  protoplasm  of  the  affected  cells 

a  h  and    later   on    in    the   nucleus.     The 

granules — characterized  by  their  sharp 
\gL  tJ$       contour,  strong  refractive  power,  stain- 
•i*?»         .-      ing-reaction  (black  with  osmic  acid), 
•     insolubility  in  acetic  acid,  and  solubil- 
ity  in   ether — gradually   increase    in 
number,  till  the  whole  of  the  proto- 

Fatty  degeneration  of  cells,    a,  from  a      p\nsm   nmy    ^   transformed  ;   Some  of 
cancer ;  6,  from  the  brain  in  chronic      *,  w         ,  ,    «     7       ,.  A. 

softening,  x  200.  them  may  coalesce  and  torm  distinct 

droplets  of  fat.  As  the  process  ad- 
vances the  cells  increase  in  size  and  become  more  globular  in  shape ; 
a  little  later,  the  nucleus  is  involved,  the  cell-wall,  when  this  exists,  is 
destroyed,  and  the  cell  is  converted  into  a  mass  of  fat-granules  known 
as  a  granule-cell  (Fig.  14). 

Granule-cells  may  be  of  two  kinds:  (1)  dead  or  dying  cells  con- 
verted into  masses  of  cohering  fat-granules,  or  (2)  living  leucocytes 
(granule-carriers)  which  have  taken  up  fat-granules  from  a  focus  of 
aegeneration — probably  to  convey  them  into  the  lymphatics  and  thus 
effect  absorption.  Connective  tissue  and  neuroglia-cells  near  foci  of 
degeneration  similarly  become  charged  with  fat-granules.  Fatty  gran- 
vies  may  be  distinguished  from  the  albuminous  granules  of  cloudy 
swelling  by  their  larger  size,  their  higher  refractive  power,  their  insolu- 
bility in  acetic  acid,  their  solubility  in  ether,  and  their  stain  ing-reaction 
with  osmic  acid. 

2.  Naked  Eye. — In  advanced  stages  fatty  degeneration  produces 
definite  naked-eye  appearances.  These  are:  (1)  slight  or  moderate 
swelling,  wrhich  however  is  often  replaced  by  more  or  less  shrinking 
of  the  organ  when  absorption  of  the  fat  is  going  on,  as  in  advanced 
acute  atrophy  of  the  liver ;  (2)  admixture  of  an  opaque  yellow  color 
with  the  normal  tint  of  the  tissue,  often  in  the  form  of  patches,  spots, 
or  streaks,  as  extreme  degrees  of  the  change  are  usually  reached  only 
in  limited  areas ;  and  (3)  loss  of  elasticity  with  diminished  consistence 
— the  organ  being  flabby  and  friable,  and  its  capsule  wrinkling  easily. 
When  a  section  is  cut,  fat  may  be  found  upon  the  knife,  and  the 
normal  distinctness  of  the  structure  is  obscured. 
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Terminations.— I.  Absorption. — The  fatty  particles  into  which  the 
"■II-  have  been  transformed  are,  under  favorable  circumstances,  readily 
absorbed.  The  degenerative  process  may  cease  and  the  fat  he  removed 
before  the  part  has  been  dangerously  involved.  Such  recovery  proba- 
bly occurs  frequently — for  example,  in  the  kidneys  and  heart.  Also 
when  the  elements  .ire  completely  degenerated  the  fatty  debris  is 
usually  removed  by  absorption.  This  is  seen  iu  the  fatty  degeneration 
and  absorption  of  the  inflammatory  products  occurring  in  croupous 
pneumonia  ;  in  the  degeneration  and  absorption  of  the  cells  of  new- 
growths — leading  to  central  "  cupping  "  or  "  umbilication  "  of  nodules, 
or  t-i  shrinking  of  the  whole  mass  (atrophic  scirrhus) ;  and  in  the 
degeneration  of  small  damaged  areas,  such  as  result  from  embolism, 
thrombosis,  or  hemorrhage  in  the  brain  or  other  organ.  Aw  the  result 
iilisorption  there  may  be  left  a  meshwork  of  vessels  and  con- 
nective tissue  from  which  the  essential  cells  have  disappeared,  as  in 
the  later  (red)  stage  of  acute  yellow  atrophy  of  the  liver;  or  there 
may  be  an  ordinary  scar,  from  the  development  of  fibrous  tissue;  or, 
lastly,  a  cavity  containing  dear  fluid  may  remain.  For  absorption  to 
occur,  the  tissues  round  the  degenerated  cells  must  lie  freely  supplied 
with  blood. 

2.  Caseation. — In  this  mode  of  termination  the  fatty  products  are 
not  absorbed,  but  arc  gradually  converted  into  a  yellowish  friable 
material,  which  has  been  compared  to  soft  cheese.  It  is  generally 
-aid  to  result  from  disproportion  between  the  degenerated  mass  ami 
the  vessels  by  which  absorption  might  be  effected — a  disproportion 
which  is,  in  the  first  instance,  the  principal  cause  of  the  degeneration. 
It  is  moat  frequent,  therefore,  in  parts  which  contain  but  few  vessels,  or 
in  which  the  vessels  become  obliterated  by  pressure  from  without,  or 
by  narrowing  of  their  lumen  by  endarteritis.  Caseation  is,  conse- 
quently, most  often  met  with  in  tubercular  and  gummatous  masses, 
and  in  rapidly  growing  careinomata  and  sarcomata. 

Cheesy  masses  arc  constantly    met  with   in  the  lymphatic  glands, 

the  bruin,  the  bones,  and  especially   in  the  lungs.     Considerable  con- 

tu-iiiri  has  arisen  as  to  their  nature   and  origin.      Formerly  all  cheesy 

masses  were   regarded   as   essentially    tubercular,    and  it  is  true  that 

tubercular  lesions  have  a  greater  tendency  than  any  others  to  caseate 

fully,  and  to  form  fi/fiinti  cheesy  collections.     (See  Tuberculosis.)     But, 

:  Med,  other  formations  may  undergo  a   change  which  is  prac- 

iii -ill',   iteli-tiiii'uisliahle ;  so  caseation  cannot  be  regarded  as  proving 

mon    than  the  previous  occurrence  of  fatty  degeneration.     A  caseous 

tubercular  only  when  it  is  due  to  the  presence  of  the  Bacillun 

■ 

The  process  consists  in  a  gradual  drying  up  of  the  degenerated 
elements  :  the  fluids  are  absorbed,  the  cells — many  of  which  are  incom- 
pletely degenerated — shrivel  and  atrophy,  the  fat  undergoes  partial 
jtion,  cholesterin  forms,  and  the  tissue  thus  becomes  con- 
vened into  a  soft,  yellowish-white  cheesy  substance,  composed  of 
atrophied  cells,  fatty  debris,  and  ehoiesterm-crystals,  This  cheesy 
material  may  gradually  dry  up  mon'  and  more,  and  ultimately  become 
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encapsuled  by  a  layer  of  fibrous  tissue,  and  even  calcified.  In  other 
MMa  it  may  undergo  a  prooen  of  softening  ami  liqua&otku.  (St* 
Calcifi cation,  awl  Chronic  Abscess.) 

Results. — The  effect  of  fatty  degeneration  is  to  impair,  and 
times,  as  in  the  case  of  the  heart,  even  to  arrest  function.      Recovery  is 
possible  only  in  the  earlier  stages. 

Fatty  Accumulation  in  the  Liver. 
Ill  the  liver  fatty  accumulation  is  exceedingly  frequent,  constituting 
what  is  commonly  known  as  tile  fatty  Ucer.  This  is  largely  due  (1 )  X" 
the  excess  of  fat  and  carl  m>  hydrates  in  the  portal  blood;  (2)  to  the 
deposition  of  iiit  from  the  metabolism  of  proteid  during  the  E 
of  urea;  and  (^i)  to  tlie  low  pressure  and  slow  eireulation  in  the  portal 
vessels — conditions  least  favorable  to  metabolism,  and  most  favorable 
to  deporitioo.      An  accumulation  of  tat   in  the  liver  may  occur 


anum 

under 


■el:  t« 
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two  opposite  conditions  of  nutrition.      In  the  first  of  these  ther 
tjenetnl  obmty,  and  the  c\e.—  of  fiii  accumulates  in  the  liver  a-  i 
in  oilier  parte  ;   in  tlo-  second   there   <~  tjrtuvnl  rmaciatum,  ana-mia  ami 
'■[In  i    eonditiotu   leading    to  diminution    in   the  nutritive   power  of  tit*' 
Mood  and  diininish.d  vitality  of  the  liver-cells.      The   liver  in  phthi  " 
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is  an  example  of  the  eeeoud  of  these  conditions,  the  defect  in  the  blood 
being,  In  this  case,  increased  by  tin'  presence  of  bacterial  produoti  which 

affect  the  inctalmlism  of  tilt'  cells. 

Physiological  Accumulation. — The  liver-cell*  always  contain  n  small 
quantity  of  fat.  Ingestion  i.f  food  rich  in  tat  is  followed  by  a  temporary 
excess  of  lai  in  the  portal]  blood,  and  by  the  consequent  deposition  and 
temporary  accumulation  of  part  of  this  in  the  liver-cell*.  Thi-  tat  ie 
principally  deposited  in  the  jieriphtral  iWfe  of  the  lobules — that  is,  in 
those  which  arc  in  immediate  contact  with  the  capillaries  of  the  portal 
vein.  After  filling  these  ii  gradually  passes  to  the  central  cells.  Ii  is 
ultimately  conveyed  again  into  the  circulation.  This  process  goes  on 
until  the  excess  of  tilt  is  removed  from  the  hlood  and  the  cells  regain 
iheir  former  character.  There  is  thus  a  transitory  accumulation  of  fat 
within  the  liver-cells,  but  the  vitality  of  the  cells  is  not  impaired 
thereby. 

Pathological  Accumulation.— The  fatly  Jieer  i-  one  which  constantly 
contains  an  abnormal  quantity  of  fat,  and  hen1  also,  as  the  fat  is  usually 
deposited  from  the  blood  in  the  portal  capillaries, 
the  increase  is  first  observable  in  the  external  /one 
of  the  hepatic  lobules  (Fig.  15).  It  accumulates 
within  the  cells  as  minute  globules  which  increase, 
.  and  form  large  drops  of  lilt.  These  ulti- 
mately distend  the  cells,  which  become  larger  and 
more  globular  (Fig.  16).  As  the  process  advances, 
the  accumulation  spreads  from  the  periphery  toward 
the  centre  of  the  lobule,  until  its  whole  mass  may  l>e 
involved,  and  all  ils  cells  distended  with  fat.  The 
vitality  of  the  cells  is  not  materially  impaired  by 
the  otwoge,  as  is  shown  by  the  presence  of  bile  in 
the    intestine   and    in    the   gall -hi  adder.       In    some  ws»  of  fmiy  » 

exceptional  cases  the  accumulation  of  (at  is  most  (KtmiDoiich  j 
marked  around  the  intralobular  veins.  In  these 
VirchoW  suggests  that  the  fat  is  becoming  excreted,  and  that  only  the 
last  cell-  retain  a  little  of  it.  In  cases  of  extreme  fatty  accumulation, 
-ueli  as  sometimes  occurs  in  persons  living  of  cancer  or  phthisis,  a  sec- 
tion of  the  liver  may  look  exactly  like  ordinary  ad I] wise  tissue,  being 
distlDgaUhable  froin  it  only  by  a  faint  ap|iearanee  of  a  radiating  struc- 
ture here  and  there,  and  by  the  presence  of  the  portal  canals  and  their 
contained  vessels. 

To  the  naked  eye,  the  fatty  liver  is  generally  increased  in  size — in 
advanced  stages  to  perhaps  twice  the  normal.  The  surface  is  smooth, 
the  edges  are  thickened  and  rounded,  and  the  specific  gravity  is  dimin- 
ished so  that  detached  portions  may  float  in  water,  although  the  absolute 
i  tin;  whole  organ  may  lie  increased.  If  the  accumulation  of 
i.lit,  involving  merely  the  portal  zone  of  the  lobules,  the  cut 
>uil:iee  presents  a  mottled  ap|»earaiiee,  the  external  fatty  zone  I  wing 
Opaque  yellowish  white,  whilst  the  centre  is  n  unite  red,  or  is  hy  percent  ic 
aud  appears  as  a  red  spot  {/•illy  m<tm<y-lirer).  The  more  extensive  the 
accumulation  the  larger  is  the  pale  /one,  and  ultimately,  when  the  whole 
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lobule  is  involved,  there  is  left  in  the  centre  only  a  reddish-brown 
point,  marking  tlie  position  of  the  intralobular  vein.  In  mmn  cMM 
even  this  |>oiiit.  is  lost  :  then  the  orpin  is  of  an  almost  uniform  njiaque 
yellowish-white  color,  and  the  boundary  between  the  individual  InhoWa 
may  lie  completely  obscured.  In  exceptional  cases  the  accumulation  of 
fat  is  much  more  abundant  in  some  portions  of  the  liver  than  in  others, 
so  that  on  section  yellowish  points  and  streaks  are  seen  scattered  ottt 
its  surface.  The  consistence  of  the  organ  is  much  diminished,  it  feels 
doughy, and  pits  on  pressure  wilh  die  finger,  while  the  knife  nsed  to  eat  it 
becomes  coated  with  oil.  The  pressure  exercised  hy  the  BOCUmulaiMi 
fat  produces  considerable  auaemia  of  the  organ,  but  die  interfere DC*  a ii!i 
the  circulation  is  naer  xi'jli'-iml  to  cause  ancilfs,  hemorrhage,  or  other 
evidence*  of  poiiiit  fongextion. 

Fatty  Accumulation  in  Muscle. 

1.  Fatty  Accumulation  in  Voluntary  Muscle. — The  aell*  in  the  M 
(JM  tuttue  which  surrounds  (he  fasciculi  of  the  muscle  may  become  fillet 
with  fat:  this  development  of  &A  between  the  muscular  fasciculi  (Fig 
17}  must  not  l>e  confounded  with  degeneration  of  the  fibres  ihemselvi 
The  interstitial  fat  thus  produced  varies  in  amount.  In  some  cas 
single  rows  of  fat-cells  alternate  with  rows  of  muscular  fasciculi  ■ 
other  times  the  accumulation  is  less  regular,  more  existing  but  net 
some  fibre*  than  between  Others :  in  all  hut  the  most  advanced  CM 
however,  the  muscular  elements  may,  under  the  microscope,  l>e  disoov 
ered  lying  amongst  the  fat — even  though  to  the  naked  eye  the  nnw 
appears  to  he  entirely  converted  into  nit.  Ultimately  the  muscula 
fibres  may  undergo  true  Hilly  degeneration,  and  waste  until  they  DM 
plitely  disappear. 

This  form  of  fatty  accumulation  is  frequent  in  animals  which  haw  In-- 
ttrtijiriiil/i/  fullnieii — the  fill  being  also  increased  in  the  usual  situation' 
It  may  also  occur  in  uiusclex  which  from  any  cause  have  been  MiflOHM 
tatetl  for  some  time,  and  in  which,  consequently,  the  circulation  is  redan 
to  a  minimum.  Thus  it  is  found  in  long-standing  paralyses  from  lesioj 
of  the  brab  or  cord  (upper  segment),  and  in  muscles  which  have  btti 
rendered  useless  by  ankylosis  of  a  joint.  In  progressive  muscula 
atrophy  and  in  chronic  lead-poisoning  the  affected  muscles  exhibit  tbl 
nhjlJgT.  rnflltthfT  with  the  tatty  degeneration. 

2.  Fatty  Accumulation  in  the  Heart. — This  is  not  infrequent  in  g 
end  obesity,  and  after  pericarditis  followed  hy  adhesion  of  the  r»"  Q04 

tag) -  surfaces  of  the  pericardium.     It  must  he  carefully  dtstingaiehi  ■ 

from  the  much  graver  condition  of  fatty  degeneration.  In  health  then 
is  a  varying  amount  of  i'at  beneath  the  visceral  pericardium  ;  it  isnlway 
most  abundant  around  the  vessels  in  the  grooves  between  the  anrieli 
and  ventricles.  In  fatty  accumulation  this  may  increase  -o;is  to  <-o\c 
the  right  ventricle,  but  the  left  is  rarely,  if  ever,  completely  enveloped 
at  the  -ame  time  the  fat  may  push  in  along  the  vessels  between  tl 
muscular  fibres,  so  that,  on  the  right  side,  to  the  naked  eve,  all  appear 

muscular  structure  may  be  lost,  the  walls  looking  like  a  lay* 
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of  fat,  perhaps  half  an  inch  thick.  In  hearts  less  affected,  strise  of  fat 
will  bo  seen  lying  among  the  muscle  (Fig.  17).  The  fat  is  always 
most  abundant  near  the  surface,  the  muscular  structure  becoming  more 
evident  toward  the  endocardium:  at  the  base  of  the  ventricles  thick 
villons  processes  may  form. 

The  interstitial  fat  displaces  and  compresses  tlic  muscular  fibres 
l>etwcen  which  it  lies,  and  diminishes  the  blond-supply  and  contractile 
power  of  the  muscle,  perhaps  ultimately  causing  true  fatty  degeneration 
of"  the  muscle.     The  two  processes  often  coexist.     Fatty  accumulation 

Via.  17. 


is  probahly  possible  only  as  the  functional  activity  of  the  muscle  dimin- 
I  id  the  continued  action  of  the  causes  leading  to  this  depression 
would  ultimately  cause  degeneration  of  the  fibres,  Fatty  degeneration 
ami  wasting  of  muscular  fibres,  on  the  other  hand,  are  very  likely  to  be 
followed  by  accumulation  of  fat  in  the  interstitial  tissue. 

Patty  Degeneration  of  Muscle. 

Both  striated  and  non-striated  muscle  may  he  the  seat  of  fatty  <//■- 
,/,  ntraium.  In  both,  the  muscle-cells  are  the  seat  of  the  change  ;  they 
beooBM  filled  with  fat-granules  and  are  ultimately  destroyed:  the  pro- 
em tlni-  differs  essentially  from/n«y  acrum'tiaiioit. 

1.  Non-striated  Muscle. — Fatty  degeneration  i-  frequently  met  with 
in  tlie  middle  coat  of  arteries  undergoing  atheroma  and  in  the  muscular 
fibres  of  a  uterus  in  process  of  involution. 
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2.   Striated  Muscle. — Both  the  voluntary  muscles  ami   llic  walls  of 
tha  heart  show  identical  changes.     The  carlit^i  stage  of  the  iiffi 
abaraeteriasd  by  nn  indistinctness  in  the  transverse  markings  of  tbj 
libies,  which  in  many  parts  become  studded  with  minute  pari 
fat  (Fig.  18).     Then  gradually  increase  in  number  and  bib  . 
first  remain   small,  and  are   usually   distributed    somewhat    irregularly 
within  the  Baroolemma,     In  some  parte  single  or  parallel  rows  of  gran- 
ules are  found  winning  along  the  Length  of  the  fibre;  in  others  I 
grouped  around  tin-  nuclei,  which  they  seem  to  lengthen,  or  ■rraiMiifl 
in  tranaverae  lines  oorrespondiiig  with  the  Btriie  of  the  muscle,     xfai 

Wire-   l» tic  extremely  friable,  and  are  readily  broken   up  into  short 

fragments.  A-  tha  process  advances  the  transverse  markings  cntirelv 
disappear,  and  nothing  but  molecular  fat  and  oil-globulea  arc  aaao 
within  the  sarcolcnima  (Fig.  19).  It  has  recently  been  affirmed  that 
in  •omeoasai  tha  Btriataoa  is  merely  obscured  by  the  htt-dropleto,  tnd 

that  these  arc   in    die   carlv    stages   confined    tu   the   inter  fibrillin 
plasm.      The    sarcolemmu    itself  may    ultimately    be    destroyed,    and 
Fiu.  IS. 


Aeiilc  fully  AtfMMHltol  of  heart  »n>l  oToOMT  nnucli*  lultalal 
«ll*hl  vnltuluriUwHe  unite  hurt,  wliu  died  »rtiT  profuse 
Um      „    I,,.,,.    I,,  ..-<■!, i.»l«!nmlnl».      -  -nil. 

nothing  remain  of  the  original  fibre  hut  the  fatty  debris  into  which  i 
albuminous  constituents  have  been  converted.  This  is  true  "  fatty  ■ 
generation  "  of  masale. 

This  change  is  Mtn  in  dumoIm  paralysed  fron 
lesions,  such  :t-  progressive  muscular  atrophy  ami  multiple  neuritis. 

It   is-  in  the  heart,  however,  thai   fatty  degeneration  of  mi 
moat  frequently  met  with,  and  here  it  assumes  a  most  important  u 
from  the  deleterious  influence  which  it  exereisei-  upon  the  motot  y 
of  the  organ,     IT*   degeneration  nun  Ik-  lUffunr  or  eirti 
,,r  HfWlwrf;  Orufr  or  rArontc.      The  wider  the  extent  of  tiaSDJ  t 
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affected,  the  less  advanced,  as  a  rule,  is  the  degree  of  the  degeneration. 
It  i.-  in  those  oases  in  which  only  small  tracts  of  tissue  are  Involved 
that  the  process  is  met  with  in  its  most  advanced  stage. 

When  the  change  is  Blight,  as  in  the  diffuse  form,  the  muscle  is 
somewhat  softer  and  mote  flabby  than  natural  ;  it  is  morn  friable,  and 
often  breaks  with  a  soil  granular  fracture  j  while  its  color  is  rather 
paler  and  more  opaqne  than  that  of  healthy  cardiac  tissue,  The 
microscope  shows  the  muscular  fibres  to  hove  losl  to  some  extent 
their  -trialiim,  and  to  Contain  granules  of  tilt  (Figs,  1H  and    19). 

The  diffuse  form  of  degenerat  ii  m  often  oceorB  rapidly  and  is  caused 
by  those  general  disturbances  of  metabolism  already  alluded  to  (p.  61). 

There  is  no  clear  line  dividing  the  difl'use  from  the  eircumscribed 
form.  Sometimes  the  degeneration,  although  more  or  less  general 
and  due  to  general  causes  (p.  51),  is  much  more  advanced  in  some 
parts  than  in  others. 

The  circumscribed  form  is  generally  due  to  some  interference  with 
the  circulation   in  the  coronary  arteries.      This  occurs  especially  in  con- 
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nection  with  aortic  incompetence,  and  explains  the  early  failure  of 
cardiac  power  in  this  form  of  valvular  disease.  Atheromatous  changes 
at  the  orifices  of  these  arteries  lead  in  the  same  way  to  diffuse  fatty  dc- 
aBMratioo.  Adhesive  pericarditis  and  myocarditis  act  similarly  ;  they 
Damper  the  heart  mechanically,  and  the  cause  of  the  inflammation  acts 
injuriously  on  the  muscle-eclls. 

In   each   cases   the   heart   presents   »   niutth-d  apj>earanee :   opaque, 

ellowwb    or   brownish    ]«itcbes   are   seen    irregularly  distributed 

throughout    its    substance.       These    patches,    which    vary   considerably 

in    use   and    form,  are  met  with   especially   in   tin-  papillary  muscles, 

the  roluiiuue  earnefe,  and   in  the  layers  of  fibres   immediately  beneath 


no 
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the  endocardium.     They  may  also  occur  beneath  the  pericardium  ami 

in  t be  deeper  portions  of  tlie  organ.     They  correspond  with  the 

degenerated  portions  of  the  tissue.      They  ;ire  flabby,  and   have  a 

consistence,  tearing    readily  under  (hie  finger.     l_'i 

the  microscope,  tlie  fibres  are  seen  to  I*  in  an  idvftl 

stage  of  fatty  degeneration]  containing  particles  of 

and  nil-gluliulcs,  which  in  many  parts  have  escaped  and 

lie   free  among   the  surrounding  lint   less  degenerated 

tissues.     These  inon'  localised  degenerations  in  BM) 

common  in  old  people,  and  usually  result  from  OODShI 

able   disease  of  many  of  the   small   breaches    of    the 

coronary   bloodvessels,   and    not    from   conditions    of 

general  anemia.      The  ]>cripheral   layers  of   the   mi 

cular    walls    also    frequently    undergo    extensive    fa' 

degeneration  as  the  result  of  pericarditis.     The  coin 

lion  between  these  localized  degenerations  and  (lie 

renceof  rupture  or  of  aneurism  of  the  heart  is  dceori 

Tim      uuser     in  (I,,,  chapter  on  Diseases  of  the  Heart. 

H'u '"  n'i'"r'  Brown  Atrophy  of  the  Heart.— N  ane  what   allied   to, 

■om    >)i«in     and  occasionally  associated  with,  fatty  degeneration  of 

m\,  dw»     the  heart,  is  the  condition  known  as  brown  atrophy  at 

«,„    '  pigmentary  degeneration.     This  consists  of  a  gndl 

atrophy  of  the  muscular  fibres,  together  with  the  fin 

lion   of  grannies    of    brownish-yellow    or    blackish    pigment.      Tin 

granules  of  pigment,  which  are  probably  the  coloring-matter  of  t 

DMMofo,   are    either  gnrtiped   in   clusters   around   the   nuclei   or   man 

generally  distributed  within    tlie  fibres.     The   fibres  are  frequently,  at 

the  same  time,  the  seat  of  mure  or  less  fatty  degeneration  (Fig.  "JO). 

Thhl  change  usually  OCCUrs    as   a  senile-   one,   or   as  a   part  of  gvnei 

marasmus  from    other  cause*.      It  is  also  met  with   in   some  i 

eordiac  hypertrophy.      Its  recognition  is  in  mo-t  eases  impossible  witl 

out  the  aid  of  the  microscope. 
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Fatty  Degeneration  of  Bloodvessels. 

Primary  fatty  degeneration  of  bloodvessels  is  in  moat  eases  a  senile, 
change,  but  is  not  infrequently  met  with  in  young  and  ■ppanotry 
healthy  paeons.  It  i«  (hen,  in  all  probability,  due  to  deleterious  sub- 
stances in  the  blood  or  to  some  interference  with  the  normal  circulation. 

Fatty  Degeneration  of  Arteries.— This  may  lie  primary,**!  tee 
to  atheroma    or  other    inflammatory    condition    of    tin-    vessel 
Pi^.s,-  of  Bloodvessels.) 

Primary  fatty  degeneration   may  affect  any  or  all  of  the  < 

the  arlery,  but  i> wl  common  hj  met  with  in  the  intima.     The  c 

usually  commences  in  the  endothelial  and  »ul  (endothelial    cell-,  i 
groups   becoming  affected   in   various    parts   of   the   v.--.  I. 
gradually    extend    from    within    outward,    the    intercellular   subs' 
BnAeuHMTj  until,  in  exceptional  eases,  the  whole  thickness  of  the  \ 
is  ilestrove.1  (Fig,  21), 
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In  the  earlier  stages  this  condition  is  recognized  by  the  existence 
of  small,  irregular,  opaque,  yellowish-while  patches,  projecting  very 
slightly  above  the  surface  of  the  iiitima.  These  are  often  met  with  on 
the  lining  membrane  of  the  aorta.  They  are  in  most  cases  readily 
distiugauhabk  from  atheromatous  patches  by  their  superficiality  and 
by  the  facility  with  wliieh  they  can  W  stripped  off  from  the  subjacent 
layers,  which  present  a  natural  appearance.      In  many  cases  the  change 


»tji>u  of  the  internal  wiat  of  the  aorta.  Small  yett.iwi?h  white  jmtrhea  were  ic«t- 
r  Ule  llntni:  memhrftne  ->t  the  venae).  A  very  Ihin  layer  was  jweled  off.  The 
fal-Blnbulta  urn!  their  ■llnril.niii.ii  in  the  liittma  are  shown.    X  200. 

is  limited  entirely  to  the  innermost  layers  of  the  vessel.  The  more  the 
subjacent  tissues  are  involved,  the  greater  is  the  irregularity  in  the 
shape  of  the  patches,  and  the  less  readily  can  they  be  separated  with 
tin'  forceps. 

The  opaque  patches  occasionally  break  down.  For  this  to  happen, 
tin  o'll.-  iihisi  become  destroyed  by  the  tatty  change  and  the  intcr- 
celhdar  substance  softened.     The  granular  debris  thus  formed  is  car- 


ried VMy  by  the  circulation,  leaving  small,  irregular,  superficial  erosions 
Upon  the  lining  membrane  of  the  vessel.  These  may  eventually  heal 
l>v  proliferation  of  the  marginal  cells. 

Fatty  degeneration    i-  also  liable  to  affect  the  media — especially  the 

Wnaole-celle  i  Fig.  22) — and  in  fliis  situation    its  injurious  influence  is 

i  lead.      Sere,  by  diminishing  the  elasticity  and  contractility  of 

■  ■I,  it  causes  degenerative  changes  in  the  parts  which  it  sup- 
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plies,  and  may  even  lead  to  rupture  of  the  affected  vessel  itself".  Thii 
n  exemplified'  by  many  cases  of  ohronio  cerebral  softening  and  cerebral 
hemorrhage,  although  in  such  instances  atheroma  is  generally  associated 
with  the  simple  fatly  changes.  In  the  larger  arteries,  as  the  aorta,  ii 
is  of  much  less  importance  ihan  atheroma,  which  has  a  far  more  dele- 
terious effect- 
Fatty  Degeneration  of  Capillaries. — Fatty  changes  are  also  found  ir 
the  capillaries,  especially  in  the  nervous  centres  and  the  kidneys  it 
Bright's  disease  (^Fig.  22,  b.).  The  process  commences  around  dw 
nuclei  of  the  endothelial  cells,  and  may  involve  considerable  areas  of 
the  capillary  wall,  so  that  rupture  is  often  the  ultimate  result.  This  if 
common  in  the  smallest  cerebral  bloodvessels,  where  it  is  sometimes  i 
cause  of  cerebral  (capillary)  hemorrhage.  It  is  said  to  1*>  present  in 
lacmopliiliu,  and  to  account  for  the  tendency  to  haemorrhage  after  sligbl 
injuries,  which  is  characteristic  of  the  malady. 


Fatty  Degeneration  of  the  Kidneys. 


- 


Fatty  degeneration  of  the  kidneys  frequently  occurs 
intliiiTOTiatinii  of  these  organs,  and  accounts  for  the  tatty  casts  met  with 
in  chronic  tubal  nephritis.  It  is  also  met  with  in  acute  yellow  tMflfl 
of  the  liver  and  in  chronic  wasting  diseases,  especially  in  chronic  pul- 
monary tuberculosis.  It  is  a  result  of  phosphorus-poisoning,  pernic- 
ious amentia,  and  amyloid  degeneration. 

For  fatty  changes    in    the    tissues  of  the    nervous  system,  see  th» 
chapter  on  Diseases  of  Nervous  System. 


MUCOID  DEGENERATION. 


Mucoid,  colloid,  hyaline,  and  amyloid  degeneration*  resemble  one 
another  in  the  structureless  appearance  of  the  new  material.  TV 
chemical  composition  of  the  degenerative  product  is  not  absolutely  con- 
stant in  any  one  of  the  four.  According  to  some  authorities,  hyaHn 
and  colloid  changes  should,  for  practical  purposes,  be  regarded  as  idea- 
tics!  ;  for  while  there  is  no  clear  distinction  between  them,  ihey  boti 
include  many  complex  proteid  substances  resembling  ODe  another  in 
their  gelatinous  consistence.  Other  pathologists,  again,  class  hyn/w 
with  amyloid  degeneration,  regarding  the  former  as  an  early  stage  rf 
the  latter. 

In  mucoid  degeneration  the  affected  tissues  are  transformed  into  i 
soft  or  semifluid  substance  which,  in  its  final  stages,  contains  mucin. 

The  (vtuw  of  mucoid  degeneration  i-  unknown.  Throughout  life" 
mucoid  change  occurs  physiologically  in  the  secretion  of  mucus ;  t 
clear  drop  of  mucus  appears  in  the  protoplasm  and  increases  till  tf* 
cell  bursts  and  the  mucus  is  evacuated,  the  cell,  as  a  rule,  not  bOBf 
d<  ftroyed,  but  remaining  as  a  "goblet-cell."  The  substance  fiiromi 
under  pathological  conditions  appears  not  to  be  absolutely  identical 
with  normal  mucin.  It  is  found  in  many  cases  to  be  soluble  in  wattr. 
and  not  to  form  a  precipitate  with  acetic  acid.  It  bus  been  calW 
"  pseudo-mucin." 


VOLLOIli    HEUESERATIuS. 


Seats. — Mucoid  degeneration  may  affect  both  cells  anil  intercellular 
-iii)-f:iini\  It  is  met  with  (I)  in  aaiarrk  of  mttooua  msneranei,  Ihe 
transformation  occurring  much  more  rapidly  than  under  normal  condi- 
tions, and  the  cells  being  often  cast  off;  and  (2)  as  B  gradual  change  in 
connective  tissue-,  in  cartilage  (especially  the  intervertebral  and  costal 
cartilages  of  old  people),  in  bone,  and  in  many  m'ii'-</nwth«,  including 
t)nlse  nl'  the  connective-tissue  type,  as  well  as  cancers,  in  which  it  may 
atleet  lioth  cells  and  matrix.  Ovarian  tumors  may  also  undergo  mu- 
coid degeneration. 

Appearances. — Under  the  microscope  these  are  the  same  as  in  the 
physiological  process,  but  the  cells  arc  more  frequently  destroyed.  To 
fin-  natea  rye,  the  affected  parts  are  transformed  into  a  homogeneous, 
colorless  material,  of"  a  soft,  mucilaginous,  jelly-like  consistence.  When 
the  change  is  limited  to  isolated  jwrtions  of  the  tissue,  the  softened 
parts  often  present  the  appearance  of  cysts.  The.se  arc  most  frequently 
met  « i 1 1 l  in  ihe  costal  cartilages  and  in  new-growths. 

Myicedema,  a  disease  due  to  atrophy  of  the  lliyroid  IkxIv,  was  so 
named  on  the  supposition  that  die  swollen  connective  tissue  character- 
istic  of  the  disease  contained  a  large  quantity  of  mucin.  It  has,  how- 
ever, nnoe  been  shown  that  at  the  time  of  death  the  proportion  of  mucin 
in  the  skin  is  nnlv  slightly,  if  at  all,  in  excess  of  the  normal  amount. 
(.Sec  Chapter  XII.) 

COLLOID    DEGENERATION. 

Colloid  degeneration  consists  in  the  metamorphosis  of  cell -protoplasm 
into  a  Hubataucc  known  as  colloid.     Chemically,  this  is  said  to  difi'er 
from  mucin  in  containing  sulphur  and  in  not  being  precipitated  by  acetic 
acid  or  alcohol  ;  moreover,  it  swells  when  treated  with 
Beetle  acid.      In  all  probability  the  name  is  applied  to  Fig.  23. 

different  substances  varying  widely  in  composition. 

In    the  adult,  many  vesicles  of  the   thyroid  gland 

Dorutlly  Don  tain    some  colloid;  it   is   only  when   the 

'    of  thu   material  becomes  genera!    and  ex- 

producing  one  form   of  goitre,  that  the  proc- 

iii'  rejoin ii'd  as  pathological  in  this  organ. 

The  ratine  of  this  form  of  degeneration  is  unknown. 

Seats. — Colloid  degeneration  occurs  most  fre- 
quently in  the  thyroid  gland,  where,  indeed,  the  "de- 
generation "  appears  to  represent  a  pathological  secre- 
tion ;  then  in  certain  iieir-i/roirlliK,  both  sarcomata  and 
carcinoma  la  (.-specially  of  the  stomach),  the  secondary 
growths  undergoing  the  same  change.  Ovarian  tumors  often  contain 
colloid. 

Appearances. — Mirrunropirof/i/,   the  first  change  observed  is  the 

appearance  of  one  or  two   small    masses  of  colloid  in  a  cell  (Fig.  23). 
These  coalesce,   enlarge,   and    push    aside  the    nucleus    until    all    the 


Colloid  cells.  I 
■  uilluid  i-ar 
(Kiiiciflcl.itl 


<il 


NUTRITION  IMPMP.FJi. 


■ 


protopfawta   Ea  replaced  ami  the  eel)   is  i nderabb  awoDeD.     The 

nuoleu*   usually  atropine-  sod   disappear-,  i.ui   iiiav  beinoM  ooIIhU, 

Nogllbnrtfij;  nulla  CmlcwCC  into  small  ma".-,  an.!  the-*'  again  inl.i 
larger,  which  not  uncoimuonlv  look  a-  if  they  were  ounocntriadl] 
laminated  (Pip.  24).    Thus  ravitirs  full  i>f  c»lloi«]  are  formed.    The 

intcrrrllular  MubatBDce  atrophica  rather  than  degenerated,  will  1(11  in 
mucoid  degeneration  it   is  frequently  aU'rcted   by  llu-  morbid   process. 

Fio.  21. 


Ki...  ». 


To  the  naked  tj/e,  colloid  i-  a  colorlww  or  pale-yellow,  riartorl 
nbatUUB.      Ii  haa  the  oonswtcncc  of  rather  Roil  gelatin,  vrhfen  it  mi 

resembles,  and  ■■an  thus  lie  disiingui: 
from  the  product*  of  mucoid  ib-gcncra- 
tii>n.     Quite  small  point*  of  colloid  eateh 
the   rye:    they   do   not   slain    brnWB    will] 

iodine,  uor  rose-red  with  methyl-violet 
(p.  67).  In  advanced  stages  eolfnid  may 
soften  ;  and  the  softened  masses,  separated 
by  septa  of  comparatively  undegoncrated 
tissue,  give  the  appearance  of  cyata  hi 
tumor. 

The  term  "oolloid  cancer "  is 
plieil  to  growths — generally  within 
abdominal  cavity — which  undergo 
transformation  into  soft  traneparcnt  ma- 
terial: in  many  eased  the  change  WOaU 
lie  better  deserilicd  as  "mucoid"  de- 
generation. Change  into  true  colloid 
material,  such  as  is  seen  in  the  thyroid 
laud,  is  rare  elsewhere,  except 
ni.ta-l  iiie   tumors  originating  in  this  organ. 
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Zenker's  Degeneration  of  Muscle. 

Seats. — This  change  is  generally  regarded  as  a  form  of  colloid  «r 
hyaline  degeneration.  It  was  first  found  by  Zenker  in  the  muscles  in 
typhoid  fever — chiefly  the  recti  abdominis,  adductors  of  the  thigh,  the 
diaphragm-  and  tongue-muscles.  It  occurs,  though  less  often,  in  other 
infective  febrile  diseases,  such  us  smallpox  and  cerebrospinal  menin- 
gitis ;  in  trichinosis  ;  in  abscesses  and  tumor-  of  niusele  ;  and  in  the 
neighborhood  of  bums  and  bruises— either  before  or  after  systemic  death. 

Appearances. — ■Microtii-ojiiralli/,  tin-  altered  fibres  are  much  swollen 
and  the  transverse  striatum  is  lost.  The  surcoh-nimata  are  occupied 
by  a  homogeneous,  struct ure less  material,  which  is  exceedingly  brittle, 
and  usually  presents  a  wrinkled  appearance,  or  is  broken  up  trans- 
versely into  irregular  fragments  (Fig.  2i>). 

Tin'  portions  of  muscle  affected  are,  to  the  naiad  <a/&  semi-opaque, 
pale,  slightly  lustrous,  of  a  reddish-gray  or  brownish-yellow  color,  and 
abnormally  friable.  They  appear  somewhat  like  the  muscles  of  frogs 
or  rf  fish.  In  no  part  an'  all  the  fibres  a  fleeted.  The  damaged  fibres 
are  regenerated  in  the  usual  way.  Rupture  of  the  fibres  is  often  asso- 
ciated with  haemorrhage  into  the  substance  of  the  muscle. 

Etiology. — Two  views  are  held  concerning  (his  change.  According 
i"  some  pathologists,  it  is  a  variety  of  degeneration  or  coagulation- 
necnisis  in  which  the  nniseh-fihres  become  brittle,  and  generally  nip- 
ture.  Thus,  Babes  regards  it.  as  a  coagulation-necrosis  due  to  the  action 
<>f  die  toxins  of  the  typhoid  bacillus.  According  to  others,  the  mnscle- 
h'brcs  rupture  from  weakening  due  to  granular  degeneration  or  to  damage  ; 
while  the  appearances  just  described  are  regarded  as  the  ordinary  mani- 
festations ni'  tissue-death,  as  they  can  be  produced  ex jierimen tally  by 
rupturing  flic  fibres. 

HYALINE   DEGENERATION. 

This  lerm  is  either  used  as  synonymous  with  colloid  or  is  reserved 
for  a  certain  stage  in  a  change  peculiar  to  arterU>i  and  otmntetfoe  twnte, 
in  which  the  new  material  is  indistinguishable  from  colloid.  Hyaline 
cliange  is  frequently  found  associated  with  amyloid  degeneration. 

Seats. — The  chief  seats  of  this  change  appear  to  be  the  arteries  of 
ihe  brain  and  of  lymphatic  glands.  In  arterioles  the  intima  is  here  and 
then  converted  into  a  shining,  thickened  layer,  giving  rise  to  irregular 
spindle-shaped  enlargements  :  in  larger  arteries  becoming  aneurysmal, 
tin-   degenerative   change  follows    the   increased  growth  of   connective 

tissue   "  lii' 1 emu  at   the  weakened   spot.     It  may  also  be  found  in 

fibrous  tissue  of  inflammatory  origin.  Hyaline  musses  may  occur  in 
old  thrombi,  in  which  they  arise  apparently  by  transformation  of  red 
Mood-corpuscles  or  fibrin. 

When  hyaline  degeneration  occurs  hi  conjunction  with  amyloid 
change,  it  generally  seems  to  lx'  the  immediate  precursor  of  the  tatter. 


I 
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AMYLOID   DEGENERATION. 


■ 


(Syn. :  Waxy,  Albuminoid,  or  Lardaceous  Degeneration.) 

Amyloid   degeneration   is   chara  ft  crimed    by  the  appearance    in    tin1 
I  issues  of  a  firm,  colorless,  translucent  substance,  known  an  am 
litrffacrhi.     This  substance  "Hers  an  exceedingly  prolonged  reufttanm  ta 
gastric  digestion  and  exhibits  characteristic  stninittg-reaelklDS, 

Seats. — The  change  is  widely  distributed,  li  may  be  found  i» 
almost  any  organ  ;  those  moat  frequently  affected  are  the  spleen,  lim, 
kidneys,  intestines,  and  lymphatic  glands.  Ijcss  frequently,  awl 
especially  when  the  change  in  the  organs  just  mentioned  ii*  advanced, 
minor  degrees  of  it  may  lie  found  in  the  stomach,  suprarenal  capsules, 
pharynx,  (esophagus,  bladder,  prostate,  generative  organs,  serous  mem- 
branes, (lie  membranes  of  the  brain  and  cord,  and  muscle.  Then  i-  DO 
rule  as  to  the  order  in  which  the  organs  are  affected.  As  a  local 
change,  ilislinct  (nun  the  above,  it  occasionally  affects  jmthiJivjiml 
prothufa,  :is  old  thrombi,  inflamed  glands,  scars  (especially  syphilitic), 
and  tumors. 

Appearances. — Mtortmopioatty,  the  morbid  substance 
appears  first  in  the  subendothclial  connective  tissue  of  the  arteriole! 
and  capillaries  ( Figs,  "2*1,  "2S,  ■"!((),  and  in  the  media  of  the  former  ;  tU 
endothelium  is  unallected  and  the  adventitia  usually  escapes.  The 
change  greatly  diminishes  the  lumen  of  the  vessel  ;  it  docs  not  affect 
llie  walls  of  the  latter  uniformly,  but  frequently  causes  spindle-shaped 
enlargements.  The  vessels  of  many  parts  escape  entirely,  and  the  dis- 
tribution of  the  change  in  an  affected  organ  may  be  quite  irregular, 
while  llie  primary  change  may  even  occur  in  connective  tissue  apart 
from  Ute  vessels. 

With  regard  to  the  further  spread  of  the  change,  all  authorities  nrr 
■greed  that  (he  eonnenfcne  fisstu-  in  every  affected  organ  suffers  most, and 
swells  into  homogeneous  waxy-looking  masses  which  frequently  eonlex-e. 
Between  these  [lie  tatty  and  shrivelled 
cells  of  the  organ  may  be  seen  i  Fig.  29). 
These  rarely  undergo  amyloM  degcu- 
eration,  but  ii  is  difficult  in  degeocntal 
tissues  to  !»■  certain  of  the  ■■■■ 
which  have  given  rise  to  the  UCT  pr<»l- 
uct.  In  a  ca.se  of  amyloid  change  in 
the  liver,  associated  with  giimmaia,  tlw 
liver-cells  appeared  to  be  undergoing 
the  degeneration  (Daniel). 

Urgans  in  which  amyloid  degenera- 
tion is  at  all  advanced  present  features  so  e ha ract eristic  that  it»  presence 
■  ■an  In-  readily  recognized  by  the  luiknl  eye,  They  are  considerably  a 
uniformly  enlarged,  any  edge-  tliev  ma\   ]►■  ■--.-»  l-roiiiing  more 
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rounded.  Their  absolute  weight  is  increased,  and  also  their  specific 
gravity;  their  surface  is  smooth,  and  the  capsule  tense  aud  stretched  ; 
their  consistence  is  firm  and  somewhat  elastic.  On  section,  they  exhibit 
a  peculiar  homogeneous,  glistening,  translucent  appearance,  somewhat 
nwranbling  white  wax.  Owing  to  the  diminished  calibre  of  their  blood- 
vessels and  to  the  pressure  exercised  by  the  new  material,  they  contain 
but  little  blood,  and  hence  are  always  pale  in  color.  In  slighter  degrees 
of  (lie  change,  sjKits  and  patches  of  the  morbid  material  may  lie  scat- 
tered, like  grains  of  boiled  sago,  through  the  affected  organs.  Although 
the  above  characters  are  sufficiently  distinctive  in  advanced  stages,  the 
oolofreactiona  mentioned  below  should  always  be  used,  for  they  will 
reveal  altered  patches — c.  g.,  in  intestine — not  obvious  without  them. 
For  the  recognition  of  the  degeneration  in  its  earliest  stage  the  micro- 
scope is  also  necessary. 

Chemical  Nature. — By  submitting  affected  organs  to  gastric 
digestion,  the  substance  may  be  obtained  almost  pure.  It  has  been 
shown  by  Krawkow  to  be  composed  of  an  organic  acid  (chondroitin- 
■  u  I  plume),  combined  with  some  form  of  albumin.  The  latter  portion 
of  the  compound  seems  to  vary  in  composition. 

With  regard  to  its  color-reactions,  the  best  for  naked-eye  purposes  is 
that  with  iodine.  To  obtain  this,  wash  a  thui  slice  of  an  affected  organ, 
and  pour  over  it  a  watery  solution  of  iodine,  made  by  diluting  the 
tincture  with  three  times  its  bulk  of  water.  In  this  way  the  amyloid 
portions  are  at  once  stained  dark  mahogany-brown,  the  healthy  tissues 
. i— inning  a  bright-yellow  color.  If  this  surface  be  treated  with  a  10 
per  cent,  solution  of  sulphuric  acid,  the  degenerated  parts  frequently, 
but  by  no  means  invariably,  assume  a  dark-greenish  hue. 

The  iodine-reaction  quickly  fades,  and,  thereibre,  is  useless  for  per- 
manent preparations.  It  is  occasionally  given  with  other  albuminous 
com|K>unds,  and  cannot  always  be  obtained  in  the  earliest  stages  of 
amyloid  degeneration. 

For  microneojiic  purposes,  the  most  reliable  reaction  is  that  obtained 
log  the  sections  with  methyl-violet  (1  per  cent,  watery  solution). 
After  some  hours  the  amyloid  parts  are  stained  bright  magenta,  and  the 
rest  of  the  tissues  blue.  Sections  must  be  mounted  in  glycerin  or 
Furmni's  solution,  as  the  color  is  destroyed  by  alcohol.  This  staining 
is  asm  i»crmaneitt  than  that  by  iodine.  In  advanced  stages  of  the 
diacaac,  a  useful  reaction  may  be  obtained  by  staining  sections  with 
[odioe,  mounting  them  in  glycerin,  and  placing  at  the  edge  of  the 
cover-glass  a  very  small  quantity  of  strong  sulphuric  acid  ;  in  about 
twi'iiiv-luur  hours  the  amyloid  tissues  will  be  found  stained  blue. 

Etiology. — Amyloid  degeneration  is  said  to  be  commoner  in  males 
than  in  females,  and  to  originate  below  the  age  of  thirty.  It  is  almost 
alw.iy-  secondary  to  prolonged  and  profuse  suppuration,  and  is  com- 
monly ■aeoofated  with  chronic  tubercular  disease  of  lung,  bone,  joint,  or 
kidney;    with    enipyeniata  and  septic  compound    fractures;    and,  less 
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frequently,  with  dysentery,  actinomycosis,  and  the  cachexia  of  tertiary 
syphilis,  especially  when  there  is  chronic  bone  (unease.  Rarely  ii 
appears  in  the  cachexia?  of  severe  malaria,  of  Ietieocvtha?niia,  and  of 
cancer;  and  very  rarely,  especially  in  children,  the  degeneruti. m 
seem  to  be  primary. 

The  defeneration   may  apj>ear  in   two  to  three  months,  or, 
apparently  similar  circumstances,  it-  < -n-<t   may  be  long  dclay.il. 
eially  in  young  children.     Like  hectic  fever,  it  occurs  much  more  man 
as  a  result  of  suppuration  in  an  ill-drained  cavity  than  from  a  COtaW 
ulcer,  upon  which  the  pus  cannot  accumulate  under  [ill Minim,  ami  Ii 
which,  therefore,  toxins  arc  not  so  likely  to  be  adsorbed. 

Luluirseh  produced  tan  change  experimentally  in  animals,  bj  ta 
and  maintaining  suppuration  by  means  of  cultures  of  the  8taphj/to 
pyogtnex  mi  mm,  and  proved    its   presence  in   a    portion  of  the   sph 
which  he  excised.     The  animals  were  then  allowed  to  recover  from  aV 
suppuration  and  subsequently  killed,  when  the  remainder  of  the  Bpll 
<nm  (band  free  from  any  truce  of  amyloid  degeneration. 

According  to  some  unconfirmed  observations,  the  change  may 
follow  suppuration  induced  by  injections  of  turpentine  or  of  the  to] 
<>f  the  liacillus  pyooyaneas.  The  variations  in  the  chemical  composi- 
tion and  in  the  staining-allinilies  of  amyloid,  and  the  varied  conditions 
under  which  it  occurs,  certainly  snggcsl  the  pisr-ihility  of  variety  in 
tlliwlliai 

Effects. — The  diminution  of  the  blood-supply,  due  to  narrowing  ■ 
the  arterioles  combined  with  the  direct  pressure  of  the  n 
causes  the  atrophy  and  fatty  degeneration  of  the  essential  cells  ' 
nearly  always  occur  in  organs  undergoing  amyloid  degeneration. 
change  in  the  vessel-walls  alters  the  quantity  and  quality  of  the  tm 
ii'lafinh,  ;is  i-.  shown  by  tlie  changes  in  the  urine  when  the  kidney*  | 
atl'.rl.il. 

Removal  of  the  cause — t.  ;/.,  chronic  suppuration — of  amyloid  * 
|eptrmtiOD    may  li-ud   to  arrest  of  the  deposit  and  to  to  dieapJM 
from    the   diseased    organs,  even    in    marked    cases;  but    in    the   j 
mainritv  of  instances  tin-  change  is  steadilv  progressive,  and  t 
bally. 

Pathology. — Knwkow  obtained  a  compound  very  similar  to  a 
loid  from  the  norma]  aorta  of  ;i  horse,  as  well  as  (rum  cartilage  and  i 
organic  framework  of  bone,  so  that,  as  in  other  cases,  ii  is  possible  I 
.[.hi  degeneration  baa  a  physiologies]  prototype. 

Kroni  the  facts  already  cited,  il  is  highly  probable  that  the  degen- 
.■ralivc  product  in  amyloid  disease  is  not  alwav-  .  \actly  the  sain.',  ami 
that  it  cannot  always  be  sharply  niark.il  off  from  the  products  of  otDSfl 
degenerations.  The  experiments  of  Luharsch  and  others,  quod  d 
show  that   ill.'  disease  nun   lie  due  to  the  presence  of  the  toxin 

j  looooens  pyogenes  aureus.      It  is  further  probable  tliat  thed 
.■rat  inn  is  always  due  to  the  action  of  some  baeillary  toxin  which  a 
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the  metabolism  of  the  ceils,  and  leads  to  the  formation  and  deposition 
of  nxnunal  derivatives  of  albumin.  The  disease  is  usually  classed 
aiming  the  degenerations  (p.  40)  ;  some  author?,  however,  maintain 
that  amyloid  material  is  formed  by  metamorphosis  of  red  blood-cor- 
puscles, and  is  in  reality  au  infiltration  from  the  bloodvessels. 

Amyloid  Degeneration  of  the  Liver. 

Mh:rtiKt:o[>tf)ltt!,  tin-  curliest  changes  lire  observed  in  the  walls  of  the 
capillaries  and  arterioles  of  the  hepatic  artery  ;  and,  very  rarely,  in  the 
capillaries  of  the  portal  vein.  Thence  the  deposit  spreads  to  the  intra- 
lobular connective  tissue  round  the  affected  vessels,  ultimately  reaching 
and  affecting  the  tissue  between  the  lobules  and  leading  to  confusion  of 
their  outlines.  The  connective  tissue  swells  into  homogeneous  columns 
which  split  readily  into  flakes,  somewhat  suggestive,  under  a  low  power, 
lit*  inures  of  degenerated  liver-cells  or  even  of  whole  lobules  (Fig.  27). 
Careful  examination  (p.  67),  however,  reveals,  between  the  amyloid 
matiiMiii,  the  liver-cells  inure  or  less  atrophied  and  pigmented,  the  periph- 
eral cells,  es]>ecially,  being  infiltrated  with  fat  (Fig.  28). 

To  the  naked  eye,  the  amyloid  liver  possesses  the  typical  characters 
already  described   (p.  66).      If    the  change   is   very  far  advanced,  the 
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(Jmum  ni:iv  !»_■  perfectly  homogeneous,  all  distinction  between  the  indi- 
vidual lobules  being  lost.  In  other  cases  the  lobules  are  distinctly 
■tapped  out  ;  they  are  enlarged,  and  the  external  zone  may  be  of  au 
opaque  yellowish-white  color  owing  to  the  presence  of  fat.  This  asso- 
ciation of  the  fatty  and  amyloid  changes  is  exceedingly  common.  Amy- 
loid degeneration  docs  not  obstruct  the  portal  circulation,  and  hence 
does  n"t  cause  ascites  (see  "  Cirrhosis  of  Liver"),  except  in  those  rare 
b  in  which  the  portal  vessels  arc  involved.     It  causes  fatty  degen- 
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nation  am!  Btroph^  of  the  hepatic  cells,  and  thus  interferes  with  tin- 
functions  of  the  organ. 


imtlolil  d«Kcnvnittflii  nf  liver,  thnwlnit  tlic  Ihlty  itmmlien  Hver-relU  flill  of  d»rk  c 

The  |»ler  liom.nji'iicuu!  nnwos  in-  tlie  IWDllon  cijilllnnci  which  huve  umlerjfntic  amylnld 
dFjitiiention.    In  iwo  plucoi  Ui*  nuclei  uf  the  cell*  fuimlni;  Ibe  villi  of  (be  rii.illmk-i  t» 


If  sections  are  stained  with  iodine,  (lie  mahogany  color  will  frequently 
lie  found  limit!  il  Ui  the  so-called  "  intcr- 
PJa  28.  mediate  zone"  of  the  lobales — tin  m 

of  distribution  of  the  he|>atie  artery. 
The  appearance  Urns  produced  i.-  tW 
<if  a  numlter  nf  ]iart  tally  compressed 
rings  with  pale  centres,  and  still  paler 
intervening  Bpaoefl  (Fig.  2il).  Thu- 
the  earliest  seat  of  amyloid  Uagonara 
tion  differs  from  that  of  fatty  iutihra- 
tion,  in  which  the  lilt  first  a< 'cumulates 
in  the  cells  of  the  outer  or  portal  n*nv 
(Ftp.  15),  and  from  that  of  ptaaJw 
Au.jh.hi  liver.    Buiood  mih  (inline,      congestion,  in  which  the  changes  begin 

Tho  dnrfc. -i  n» rcpfwnl  iho      jM    ||,(.  central   ame  around   lite   intra- 

*,^'  "   '  "       lobular  vein.      All    these  changes   not 

uncommonly  occur  together.      As  the 

amyloid  change  advances,  first  the  central  zone  and  later  on   the   jk- 

riplicml    wme  are  affected,  and  even  the   interlobular  connective  lis 

may  nllimulely  occonie  involvcil. 


Amyloid  Degeneration  of  the  Kidneys. 


Wurwnph-'illit,  the  degeneration  is  first  observed  ii 
l-nlics  (Fig.  30).  At  first  only  a  Jew  of  the  capilhi 
tuft  nre  ■mctea,  bill  all  the  loom  gradually  beooDM 
whole Ooil  then  pmwnla  an  ill-defined  outline  and  glistening  surlaoe. 
Toe  change  extends  U>  the  afferent  arteries,  to  the  capillary  network 
around    the  tttbolea,    to    the  arteriolar  recta   of    the  medulla,    and,    ii 
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advanced  euee,  to  the  intertubalur  tissue  and  to  tin.'  tunica  propria  of 
the  tubules.  It  is  doubtful  it'  the  epithelium  ever  undergoes  amyloid 
degeneration.  The  distribution  of  the  chiingc  throughout  the  kidney 
may  be  very  irregular. 

At  first,  the  tubes  and  epithelium  appear  normal.  Many  of  the 
former  contain  the  pale  hyaline  easts  which  appear  in  the  urine.  These 
are  probably  simple  exudation-products,  but  they  occasionally  stain 
brown   with   iodine,  and  have  been   supposed   to  consist  of  amyloid. 


fii,  /,  loosened  fatly  opithL-lml  toll":  a, 
I  ncctJnn;  t,  amyloid  artery,  *,  amyluid 
leucocytes:  m.  rnuiid-cells  (laauQgflBI) 


Amyloid  and  fatly  argenerRtifin  nf  Die  kidney, 
loop  .c  (ally  epithelium  of  the  glomerulus  ; 
ob  ill.  capillary  walla:  f,  fatty  epithelial  rv) 
hyaline  cuuniln  ifiinolnif  "easts") :  A.  fhtty 
eapillary;  I.  liiflllrnllun  of  connective  li-.u 
Inalde  a  minlftrou*  tubule,      ■  30(1.    (Zleglor.) 

According  to  Zlfigler,  however,  these  easts  do  not  exhibit  the  other 
typical  reactions  of  amyloid.  As  the  change  advanees  the  diminished 
IjIjhkI— .iipply  and  the  direct  pressure  of  the  new  material  may  lead  to 
atrophy  aod  fatty  degeneration  of  Imth  glomerular  and  tubular  epithe- 
lium ;  but  more  frequently  these  changes  occur  at  an  earlier  stage,  and 
are  due  In  chronic,  jmronciiytnalmis  nephritis.  The  tidies,  in  such  cases, 
are  di.-lended  with  both  cloudy  and  fatty  cells,  and  the  intertulndar 
tifWUC  is  more  or  less  infiltrated  with  round  cells  (larije  vliitr  amyloid 
kUlitey).  In  the  later  stages  of  the  process  there  is  almost  always  in- 
crease of  the  in  tort  iibnlar  tissue,  which,  together  with  the  disappearance 
of  tubes,  leads  to  shrinking  ami  toughening  of  the  organ,  to  adhesion 
of  Um  cttpMtile,  to  irregularity  of  the  surface,  and  to  formation  of  small 
retention  cysts. 
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The  nakal-eye  appearances  vary  with  the  extent  of  the  degenera- 
tion, and  may  be  modified  by  the  presence  of  chronic  nephritis*. 

If  thin  slices  of  a  kidney  in  the  earliest  stages  of  amyloid  degenera- 
tion be  stained  with  iodine,  a  Malpighian  body  will  here  and  there 
appear  as  a  brown  dot,  and  the  straight  arteries  of  the  pyramids  as 
brown  lines,  although  the  unstained  kidney  is  still  normal  in  appearance. 
As  the  disease  advances,  the  organ  enlarges,  especially  the  cortex.  The 
surface  is  smooth,  and  the  capsule  separates  readily.  The  enlarged 
cortex  is  remarkably  pale  and  amende,  and  has  a  peculiar  translucent, 
homogeneous,  wax-like  appearance.  Its  consistence  is  hard  and  firm. 
A  few  scattered  vessels  may  be  seen  on  the  surface,  and  the  bases 
of  the  pyramids  sometimes  exhibit  increased  vascularity.  If  iodine 
l>c  applied  to  the  cut  surface  (p.  67),  the  Malpighian  bodies  and  the 
arteries  of  the  cortex  become  mapped  out  as  clearly  as  in  an  artificial 
injection  (Fig.  .'11).  The  enlarged  Malpighian  bodies  may,  indeed,  be 
seen  as  glistening  semi- translucent  (joints  before  the  iodine  is  applied. 
Frequently,  the  homogeneous  apj>earance  of  the  cortex  is  interrupted 
by  minute,  opaque,  yellowish- white  lines  and  markings  :  these  are  pro- 
duced by  fatty  changes  in  the  epithelium  of  the  tul>es,  due  generally 
to  concomitant  nephritis.  Ultimately  the  capsule  becomes  more  or  less 
adherent,  and  slight  irregular  depressions 
Fia  31.  make  their  api>earance  upon  the  surface  of 

the  organ  ;  tin;  latter  are  due  to  atrophic 
changes  in  some  of  the  tubes.  If,  as  is  usu- 
ally the  ease,  the  process  is  associated  with 
an  increase  in  the  intertubular  connective 
tissue,  the  atrophy  may  render  the  organ 
even  smaller  than  normal. 

Sometimes  the  enlargement  of  the  organs 
is  very  great.  In  these  eases  the  increase  in 
size  is  mainly  due  to  inflammatory  changes, 
such  as  have  been  referred  to.  The  fre- 
quency with  which  such  combinations  occur 
renders  it  advisable  to  examine  all  large 
pale  kidneys  lor  amyloid  changes. 

Effects.— The  capillary  walls  in  the  Mal- 
pighian bodies  are  so  altered  that  albumin 
and  an  increased  quantity  of  fluid  readily 
permeate  them  ;  and  thus  is  produced  the 
large  amount  of  urine,  sometimes  loaded 
chai^r '  VriinT  »" "cii'iid  w'*"  albumin,  which  characterizes  the  earlier 
Natural  Biu  stages   of    this   affection  ;    the   polyuria   is, 

however,  not  so  gnat  as  in  the  granular 
contracted  kidney,  in  which  disease  the  general  arterial  tension  is 
raised.  If  inflammatory  changes  snjHTvene,  the  urine  diminishes  in 
quantity.  The  excretion  of  urea  is  less  interfered  with  than  in  any 
form  of  nephritis,  nor  is  the  internal  secretion  seriously  affected,  for 
uncmia  seldom  occurs  in  uncomplicated  cases.     Tube-casts  are  rarely 
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numerous;  they  are  for  the  most  part  hyaline  or  finely  granular, 
though  sometimes  they  arc  covered  with  fatty  epithelium.  In  ad- 
vanced eases  there  is  marked  dropsy. 

The  association  of  chronic  tubal  nephritis  will)  amyloid  change 
is  so  frequent  as  to  suggest  the  possibility  of  a  eonimou  cause  to  the 
two  conditions. 


Amyloid  Degeneration  of  the  Spleen. 

Two  forms  are  generally  described: — (1)  the  sago  .spleen,  the 
commoner  form,  in  which  the  disease  commences  in  the  Malpighian 
follicles  ;  anil  (2)  the  diffuse  form,  in  which  the  whole  splenic  pulp 
is  first  implicated,  and  in  which  the  Malpighian  follicles  often  escape. 
Tin-  two  fbraw  arc  occasionally  combined. 

In   the  sago    spleen  the    first    mhrmmpicc/  changes   are    observed 
in    the    capillaries  and   arterioles   of  the    Malpighian    follicles.     The 
reticulum,  of   which    the    follicle    largely  consists,    is    next    involved, 
then  the  small  vessels  in  the  neighbor- 
hood,   and    finally    the    pulp.      In    the  Fib.  32. 
early  stages,  the  central  artery  of  the 
corpuscle    usually    escapes.      When    it 
becomes    affected,    the    change    is    first 
observed    in  its   middle    coat.     In  the 
diffuse  form  the  degeneration   begins  in 
the  neighborhood  of  the  capillary  veins 
of  the  pulp,  and  spreads  thence  to  the 
trabecuhe,  arterial   capillaries,  and  pos- 
sihlv — though  this  is  very*  fKiuUtfi.il — 
to  the  cells.      The   Malpig'hian   follicles 
often   eocene,  hut  their  central   arteries 
are  generally  involved. 

To  the  naked  eye,  the  sago  spleen  is  more  or  less  enlarged  ;  its 
weigh!  mid  density  arc  also  increased.  The  cut  surface  is  smooth,  dry, 
and  studded  all  over  with  small,  glistening,  .-ago-like  bodies,  varying 
in  size  from  a  millet  to  a  hemp  seed.  These  arc  stained  reddish-brown 
by  the  iodine  solution  ;  but,  as  the  central  artery  generally  escapes, 
the  Mahogany-colored  nodules  have  pale  centres.  These  nodules 
may  enlarge  until  they  occupy  a  considerable  portion  of  the  organ, 
although  m  earlier  stages  of  the  affection  they  are  so  minute  that 
•I,,  v  nan  be  seen  only  in  thin  sections  of  the  tissue.  In  the  later 
stages,  therefore,  there  i*  a  considerable  resemblance  between  iodine- 
■tuned  sections  of  liver  and  of  spleen,  as  may  be  seen  bv  comparing 
Hge,  29  and  32. 

In  the  diffuse  form  the  organ  often  attains  a  much  larger  size  than 
is  net  with  in  the  sago  spleen.  It.  is  remarkably  hard  and  firm,  and 
the  'i|'-nli'  is  tense  and  transparent.  <  >n  section,  it  presents  a  dry, 
homogeneous,  translucent,  bloodies--  surface;  it  is  in  some  cases  pale, 
it.  others  of  a  mottled  reddish-brown  color.  Thin  sections  can  be 
readily  made  with  a  knife,  the  organ  cutting  like  soft  wax.     The  cor- 
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ptmctefl]    if  affected,    are    not  viable, 
obscured  by  the  surrounding  pulp. 


,   the  former    varietv,   bi 


Amyloid  Degeneration  of  the  Alimentary  Canal. 

The   mucous,  submucous,  and   muscular  coats  of   the   'esophagus, 
stomach,   and    intestines   may    be    involved;    but   these   organs  an? 

[mbtbly  never  affected  alone.      The  change  freqnentlv   *i 

tubercular  ulceration.  In  the  alimentary  tract  the  disease  i-  very  apt 
to  escape  observation,  as  it  usually  produces  but  little  alteration  in  tl»e 
appearance  of  the  parts.  The  mucous  membrane  may  lx>  pule,  smooth, 
translucent,  and  (edematous ;  in  very  advanced  cases  then-  may  be 
some  rigidity  and  thickening  of  the  bowel-wall,  and  even  ulcers— r-duc, 
it  has  been  suggested,  to  the  snapping  off  of  rigid  villi.  The  effect  of 
the  application  of  iodine  to  the  washed  mucous  surface  is  very  character- 
istic. In  the  small  intestine — perhaps  the  jiart  most  commonly  affected 
— small,  closely  set,  reddish-brown  points  appear  over  the  whole 
surface  of  the  membnine ;  these  correspond  to  the  intestinal  villi,  the 
arteries  and  capillaries  of  which  have  undergone  the  amyloid  cliatigr. 
In  the  stomach  and  (esophagus  the  vessels  may  be  similarly  mapped 
out  by  iodine  (p.  67). 

The  change  in  the  intestine  gives  rise  to  serous  diarrheea,  probably 
due  to  increased   permeability  of  the  degenerated  vessel-walls,      " 
absorption  and  secretion  are  much   imjiaired,  so  that  implication  of  t 
alimentary  tract  has  a  grave  general  effect. 


Corpora  Amylacea. 
Corpora  amylacea,  or  "  amyloid  bodies,"  wei 
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2  formerly  looked  up* 
*  consisting  of  amyloid  substance  ;  there  appears,  however,  with   the 
exception  of  11   certain    similarity   in    their   behavior  with    iodine  and 
sulphuric  acid,  to  be  no  connection   between    them.     They  are   said  to 
OOnoM  largely  of  lecithin. 

They  an  round  or  oval  bodies,  formed  of  ;i  succession  of  concc 
layers,  and  arc  often    changed    to  a  deep  blue   color  by   iodine,   I 
bearing,  both  in  structure  and  chemical  proj>erties,  a  strong  resemblance 
to  granules  of  vegetable  starch  (Fig.  '-V.\)  •  but,  sometime-,  du 
exhibited  only   after  the  subsequent  addition   of  sulphuric   acid,    and 
thus  a  resemblance  is  shown   to  amyloid  substance.      Many  of  I* 
bodies,  however,  are  colored  green,  or  cv 
brown,  by  these  reagents.    The  grow  ll  i 
to  their  admixture  with  nitrogenous  p 
which  give  a  yellow  color  with  iodine,  a 
hence  (he  combination  yields  a  green.     The 
greater  the   amount   of   nitrogenous 
the  browner  does  the  color  become.     — 
vary  in    size    from    microscopic   granules 
bodies  which  are    distinctly   visible  to   i 
naked   eve.  sometimes  being  as  much  as  a 
inch  in  diameter.     The  larger  are  usually  formed  by  the 
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c<ingl<>mt-ration  of  smaller  granules,  which  are  often  enclosed  by  a 
common  envelope. 

They  especially  occur  in  conditions  of  atrophy  or  softening  of  the 
nervous  system.  The  ependynia  of  the  ventricles,  the  white  substance 
of  the  brain,  the  choroid  plexus,  the  optic  nerve  and  retina,  and  the 
spinal  cord  are  their  favorite  seats.  The  larger  forms  are  met  with 
most  frequently  In  the  prostate.  The  prostate  of  nearly  every  adult 
contains  some  of  these  bodies  ;  and  they  may  accumulate  in  that  organ 
to  such  an  extent  as  to  form  large  concretions.  They  arc  occasionally 
met  with  in  the  lungs,  and  in  mucous  and  serous  membranes. 

The  corpora  amylacea,  especially  tlmsc  occurring  in  the  ehoriod 
plexus  and  in  the  lateral  ventricles,  are  very  liable  to  become  calcified, 
and  they  then  constitute  one  form  of  "  brain  sand"  which  is  so  often 
met  with  in  these  situations. 

The  nature  of  these  bodies  is  unknown  :  from  their  laminated 
structure  they  would  appear  to  be  formed  by  gradual  deposition  upon 
a  central  nucleus ;  but  in  the  prostate  they  are  probably  produced  by 
degeneration  of  the  glandular  cells. 

CALCAREOUS   INFILTRATION. 

Calcareous  Infiltration  or  Ca/cijicalioii  consists  in  the  infill  ration  of 
tissues  with  calcareous  particles.  It  is  a  purely  paxxin-  process,  the 
cells  taking  no  part  in  it :  the  tissue  is  gradually  petrified  by  the  deposit 
of  earthy  salts  from  the  blood.  It  is  difficult  to  find  a  physiological 
type,  but  perhaps  the  deposit  of  earthy  salts  in  the  walls  of  the  primary 
areola  (see  Rickets)  in  a  growing  bone  may  be  regarded  as  such.  Oxxi- 
fieatitm  is  quite  distinct  from  cir/ei fixation,  for  in  the  latter  everything 
points  to  life  aud  growth  ;  the  cells  are  undergoing  net  ire  ehanges,  and 
are  obviously  concerned  in  receiving  the  salts  from  the  lymph  and  in 
combining  them  most  intimately  with  the  organic  matrix. 

Etiology. — Earthy  salts  in  solution,  chiefly  the  phoxphatex  and  car- 
bonatta  of  co/rium  ui-l  in-i'/nrsinm,  are  brought  to  the  part  by  blood 
and  lymph,  carbon  dioxide  being  probably  the  solvent.  In  inquiring 
why  these  salts  should  be  permanently  dejwtsited  in  certain  tissues, 
attention  must  be  directed  to  the  facts  that,  in  the  immense  majority  of 
eases,  the  tissues  affected  an?  dead  or  dying,  and  that  calcification  is  a 
common  senile  change.  It  is  probable,  therefore,  that  feeble  nutritive 
activity  and  a  retarded  blood-stream  arc  together  responsible  for  its 
occurrence.  Riudflcisch  taught  that  carbon  dioxide  escaped  from  the 
stagnating  lymph-stream,  and  that  the  earthy  salts  were  consequently 
precipitated  :  more  recently,  others  have  held  that  calcification  is  due  to 
a  combination  of  these  salts  with  certain  albuminoid  bodies  and  with 
fatty  acids.  Some  authors  attribute  the  calcification  of  arteries  met 
with  in  old  age  to  deficiency  of  sodium  chloride  in  the  blood  and 
tisanes,  this  defect  permitting  the  deposition  of  calcium  salts. 

Souietimes  calcareous  infiltration  appears  to  lie  due  to  an  absolute  in- 
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oroiic  nf  calcareous  salt*  in  (be  blood,  saeh  u  may  be  supposed  tin* 

in  extensive  caries  am)  in  osteomalacia.  A  portion  of  the  exo 
deposited  manor  leas  widely  in  the  tissues — especially  in  die  lymphatic 
glands  ami  kidneys,  ami  leu  frequently  in  the  lunge,  stomach,  ii 
dam  mater, and  liver.  The  deposit  takes  plan'  chiefly  iii  i  h< ■  ■ 
tissue  and  least  aetive  constituent  of  the  organ,  which,  moreover, 
immediately  surrounds  tlie  vqaaala — e.g.,  in  the  interlobular  I 
the  lungs  and  in  the  stroma  between  the  glands  of  tin-  StOIuftab.  J  hut. 
in  tlie  kidney,  the  epithelium  is  infiltrattd  as  well  as  the  intertnl*iilir 
tissue.  Analogous  to  this  form  of  calcification  is  the  detmsitkni  of  the 
liinrate  of  sodium  which  takes  place,  es|ieci;il]y  iii  cartihiL"',  lihrou 
ami  synovial  membranes,  and  forma  the  commonest  manife-tatimi  of 
gout.  It  is  probable,  that,  in  this  ease  also,  the  dtpoajt  OOOttn  first  in 
tissues  in  which  the  nutritive  activity  is  most  feehle.  A  eel-tain 
amount  of  chalky — like  fatty — infiltration  may  perhaps  occur  witk- 
oiit  marked  impairment  of  function  ;  but,  as  completely  calcific! 
parts  are  certainly  dead,  either  the  infiltration  has  the  power  i<>  kill 
or  it  affects  dying  ports. 

Seats. — As  a  senile  change,  calcification  affects  most  frequently  the 
arteries  and  hyaline  cartilages — cNeepting  articular  cartilages..  It 
occurs  similarly  in  pathological  tiwBnti 
of  winch  the  life  is  lecbh? — e.g.,  in 
uterine  myomata  after  the  clinuwtatfc 
and  in  old  sears.  Dead  tissues  h-cked 
up  in  the  body  are  also  very  likely 
tn  hemline  calcified— <•.«/.,  thrombi 
[  p/ikboliths),  parasites  (Fig.  34),  ath- 
eromatous patches  in  arteries,  and  tbe 
caseous  masses  s<i  common  ill  lung- 
and  lymphatic  glands  which  have 
undergone  chronic  tubercular  change*. 
The  IjcsI  example  is  the 
calcification  of  a  dead  fetoa,  which 
sometimes  occurs  when  this  i- 
in  the  abdomen,  in  the  a 
extra-uterine  foetation  (Hihop 

Appearances. — 1,  Microscopic— The  calcareous  particlea  make 
their  appearance  both  within  the  cells  and  in  the  intercellular  wib- 
stance;  they  are  niuch  more  frequent,  however,  in  the  latter  situation 
They  are  seen  at  first  as  very  line  dust  scattered  irregularly 
the  intercellular  substance  (Fig.  35).  They  are  characterized, 
view.il  by  transmitted  light,  by  their  opacity,  black  oola 
outline,  and  solubility  in  dilute  mineral  acids,  usually  with  en 
of  bubbles  of  carbon  dioxide.  They  gradually  increase  ■ 
until  ultimately  large  tracts  of  tissue  may    be  converted  into  m 

i r,.;l    ■     .     ill     l\  1,1.    I:      tlie     Cell-       -|os<    ,1    Zltltl    '"III     HO    I 

These   large  masses   have  a  sharp  black  irregular  0 
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and,  as  tin.-  calcification  becomes  complete,  acquires  it  homogeneous,  glis- 
tening, semi-transparent  appearance.  The  cells  themselves  are  much 
less  frequently  infiltrated,  being  merely  enclosed  ami  obscured  by  the 
calcined  intercellular  substance.  Calcareous  particles  may,  however, 
make   their  appearance  in  the   protoplasm,  and,  gradually  increasing, 
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convert  the  cell  into  a  homogeneous  calcareous  body.  Calcification  of 
ganglion -eel  Is  atone  is  not  uncommon  in  degenerative  processes  in  the 
brain. 

[f  the  saline  matters  are  dissolved  nut  with  a  little  dilute  mineral 
le&d,  ile  structure  of  the  part  may  be  again  n  ■cognized,  unless,  indeed 
— as  is  BO  often  the  case — it  has  been  destroyed  by  some  antecedent 

2.  Naked  Eye. — Apart  from  the  micmseo]>e,  calcification  can  l>e 
recognised  more  readily  by  touch  than  by  sight.  If  the  calcareous 
Paltictee  cohere  in  minute  groups,  as  is  common  when  the  process 
succeeds  that  of  caseation,  a  white  mortar-like  substance  is  produced. 
When  the  cohesion  is  more  marked,  the  deposit  is  comparable  to  fine 
sand;  and  all  stages  between  this  and  solid  stony  masses  may  be  met 
with.  The  latter  break  with  an  irregular  surface  and  present  a  yellow- 
ish or  grayish  aspect.  A  calcified  part  is  dead  and  inert  ;  it  undergoes 
no  further  change. 

Effects. — Calcification  must  he  looked  upon  in  many  cases  as  a 
salutary  process,  the  impregnation  with  calcareous  matter  preventing 
rabseqQent  changes  in  the  ]>art.  This  is  especially  the  case  when  it 
ocean  in  oaseous  (ubimifur  ;<«'/,  as  it  imprisons  the  cause  of  the  disease. 
It  is  doubtful  whether  calcification  of  a  tumor  is  of  any  l>enefit  to  the 
patient,  for  the  infiltration  is  probably  limited  to  the  dead  or  dying 
parts,  and  d<«-s  not.  hinder  the  spread  of  the  actively  growing  portions. 
On  the  other  hand,  when  it  affects  the  arterial  system,  calcification 
may  be  attended  with  the  most  deleterious  consequences,  as  will  tie  seen 
in  the  following  section. 

Concretions  of  various  kinds  may  lie  found  in  the  gall-bladder, 
bile-ducts,  pelves  of  the  kidneys,  ureters,  urinary  bladder,  and  other 
part-.  They  are  commonly  preceded  by  catarrh  of  the  living  membrane 
of  the  duet  in  which  they  are  situated,  due  to  bacterial  infection.  Tliey 
will  be  referred  to  when  diseases  of  the  affected  organs  are  discussed. 


I 


NUTRITION  IMPA  (RED. 


Calcification  of  Arteries. 


...' 


Calcified  plates  arc  frequently  met  with  in  the  intima  of  (he  aorta 
ami  other  large  arteries  aa  part  of  the  change  known  aa  atheroma. 

Sometimes  a  more  or  leas  genera]  calcification  occurs,  especially  m 
i  senile  change,  and  is  then  frequently  associated  with  other  degeoara- 
live  changes  in  the  arterial  walls,    It  b  commonest  in  vessels  ofnedim 
shn,  the  arteries  of  the  upper  and  tower  extremities  ami  of  the  bran 
being  frequently  afieeted.    It  may  nffeet  i>oth  internal  and  middli 
often  commencing;  in   the  luuscle-oells  of  the   latter.     The  oa 
particles,  deposited  from  the  vasa  vasorum,  make  their  appearance  ol 
first  around  ami  within  the  nucleus,  ami  gradually  accnmulati 
they  fill  the  eell,  which  becomes  converted  into  a  small  oalcareou 
The  process  may  go  on  until  the  muscular  out  is  completely  calcified  ; 
or  it  may  l«>  limited  to  isolated  portions  of  the  emit,  giving 

numerous  irregularly  distributed  oilcan s  rings  and  plates,  somewhat 

suggestive  of  a  piece  of  ipecacuanha  root.  These  are  best  seen  in 
vowels  clarified  and  ilried.  From  the  muscular  it  may  extend  to  the 
external  and  internal  coats,  until  ultimately  the  vessel  becotues  calci- 
fied  throughout. 

The  vessel  thus  calcified  loses  its  elasticity  ami  contractility  ;  its 
lumen  is  diminished,  ami  it  is  transformed  into  u  hard,  rigid,  brittle 
tube,  or "  pipe-stem  artery "  (Fig.  .'ill).  Such  an  artery  is  paitiaftj 
prof-eted  against  dilatation,  hut  i-  predisposed  to  rupture:  in  ampu- 
tations great  difficulty  may  [»■  found  in  securing  such  vessels,  M  Hf§> 
inns  out  through  [hem  at  once.  The  nutrition  of  parts  supplied  by 
them  is  more  or  less  impaired,  and  general  calrihVation  of  the  arteries 
of  the  lower  limb  therefore  predisposes  to  *enile  i/nni/rette  (p.  35),  i 
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PIGMENTARY   CHANGES. 

Pathological  pigmentation  is  a  term  used  to  imply  the  abnormal 
•ppcsmooe  of  boom  kind  of  pigment  in  the  tissues,  and  includes  many 
conditions  differing  widely  in  their  nature  and  origin. 

The  pigment  may  lie  derived:  (1)  directly  from  hirmryttihin ;  (2) 
from  the  blood  by  oeU-aelion  ;  (3)  from  ink ;  (4)  from  txtranmu  ius- 
■-i"„<-,.s   introduced  into  the  body. 

I.  Hematogenous  pigments,  derived  directly  from  haemoglobin,  are 
the  commonest.  Red  corpuscles  break  up  and  their  coloring-matter  is 
set  free.  This  occurs  occasionally  within  the  vessels,  as  in  malaria 
and  septica-mia,  hut  more  frequently  after  escape  of  the  corpuscles  into 
lln*  tissues.  The  latter  is  due  either  to  wounds  or  rupture  of  the  ves- 
sels, or  to  congestion  or  inflammation  without  any  visible  breach  in  the 
vessel-wall.  Such  instances  of  pigmentation  are  common ;  among 
them  may  be  mentioned  bruises  of  the  skin,  small  hemorrhages  in  the 
neighborhood  of  varicose  veins  and  passively  congested  parts,  and 
stains  after  syphilitic  and  other  inflammatory  lesions. 

The  two  principal  pigments  which  form  the  tinal  products  of  the 
breaking  up  of  red  corpuscles  in  the  tissues  are  hmum'uleriti  and 
luvnudouUn. 

Hemosiderin' — an  iron-containing  pigment — probably  formed  by 
the  action  of  living  cells,  gives  the  ordinary  reactions  of  iron  and  is 
'found  in  the  liver,  spleen,  and  other  organs  whenever  excessive  destruc- 
tion of  blood -corpuscles  {hcrmnli/xm)  is  present:  It  is  also  found  mixed 
with  htematoidin,  which  it  closely  resembles  in  appearance. 

Hsmatoidin — an  iron-free  pigment — is  probably  identical  with  bili- 
rubin, which  is  also  a  derivative  of  hemoglobin.  It  exhibits  similar 
reactions  when  treated  with  concentrated  mineral  acids,  displaying  the 
same  variations  of  green,  blue,  rose,  and  yellow  colors.  It  is  insoluble 
in  water,  alcohol,  ether,  acetic  acid,  and  in  dilute  mineral  acids  and 
alkalies;  it  is  soluble  in  concentrated  acids  and  in  the  caustic  alkalies, 
giving,  in  the  latter  case,  a  reel  color. 

These  final  stages  of  extravasatod  blood  occur  in  two  forms — 
grant/tar  and  cryxt/tf/inr.  Both  are  of  a  very  permanent  nature,  and 
HUB   unaltered  for  years. 

The  ffr'tnnlex  of  hjematoiclhl  vary  in  size  from  the  smallest  particles 
to  miWMM  as  large  as  a  red  blood-corpuscle.  The  larger  are  commonly 
irregular  in  shape,  sharply  defined,  and  more  or  less  glistening.  Their 
color  varies  from  yellowish-red  to  brown  or  black  ;  the  older  they  are 
the  darker  Uiey  become.  The  smaller  granules  are  usually  dull  and 
opaque. 

The  cryKtah  of  htematoidin  are  opaque  rhombic  prisms,  usually  of  a 
yellowish-red  nr  ruby-red  color,  sometimes  approaching  to  brown  or 
black.  They  may  also  occur  as  litile  plates  and  fine  needles,  but  these 
ire  leee  common  forms  (Fig.  37).  They  are  in  most  cases  so  small 
tliat  considerable  care  is  required  to  recognize  their  crystalline  nature 
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under  the  microscope,  and  they  may  easily  be  overlooked  as  manly  irreg- 
ular granular  masses.    In  aome  cases,  however,  they  attain  :i  larger  am. 
Whether  hiemoglohin  is  converted  Id 
f"10-  W.  iiiar  or  crystalline  bsetnatoidin  appean 

■        ^^  pit     partly  upon  the  tissue  in  which  it  ia  situated,  and 
^r~3   /W      partly  upon  the  amount  of  extravasation.     <  ry~ 
>»«  ^vV  ta's  atx'  «'x<,ecdingly  common  in  some 

^'^B  *^  C.  tl-       I. ■!.!     I 

\^v    ^^X  —*'■,'/■•  mucous  membranes — only  gran 

H*matoidln  ory*t«li.        met  with. 

According  to  Kiinkel,  some  of  the  pigment 
li't't  by  hanacgiobu)  is  pure  hydrated  peroxide  of  iron. 

The  t/umgta  in  eolor  wntcA  occur  nfter  a  brttue — first  purple,  ibn 
green,  ami  anally  yellow — are  due  tn  corresponding  changes  in  ihr 
axtravaaated  blood.  (1)  Some  of  the  fluid  and  cells  are  absorbed  at 
once  hy  the  lymphatics,  while  the  hannoglobin  is  dissolved  out  of  DMA) 
ol' the  rod  corpuscles,  and  the  stroma  ta  disappear- — -ri<>  doubt  after  &db 
degeneration.  Tims  there  is  formed  a  red  fluid  which  iufilti 
n  -in  -.  and  stains  them  yellow  or  brownish  red — the  cell-  living  ooJpmI 
mine  deeply  lhan  the  intercellular  substance,  or  than  the  nieiLilii-.irtnii- 
or  fibrous  structures.  The  color  changes  on  the  surfuce  are  tins 
alterations  in  this  dissolved  hemoglobin,  which  is  soon  decomposed  into 
bnmatin  or  bannochrurntigen  and  an  albuminous  body.  Pari  ■■!  bV 
coloriiig-nuilter  is  reabsorbed  and  appears  in  the  mine  as  urobilin  ;  the 
rest  undergoes  a  change  and  is  finally  deposited  as  hemosiderin  or 
liieiiuit.iidiii.  (2)  Many  corpuscles  simply  shrivel  into  brownish  gran- 
nlur  masses  of  pigment — said  to  occur  chiefly  in  "  hicmatoniatn,"  of 
tnmor-likc  collections  of  blood.  (3)  Other  red  eoriHtscles,  or  the  phr- 
tncnt-nmsscs  resulting  from  them,  are  taken  up  by  leucocytes,  which 
an-  attracted  in  large  numbers  into  the  extravasation.  The  pigment 
thus  taken  up  may  l>e  deposited  in  the  neigh  I  *>r  hood,  or  may  1" 
by  the  surviving  leucocytes  into  the  lymphatics,  when  it  will  probably 
lie  arrested  in  the  nearest  lymphatic  glands,  the  lymph-paths  l>eing  t" 
marked  out  by  pigment  ;  or  it  may  |Mtss  through  into  the  circulat 
and  give  rise  to  pigment-cmlioli  of  various  organs. 

The  nil hiuilr  fiilr  of  extravasations  is  hy  no  means  uniform. 

(1)  Alisorption  may  lie,  ami  in  vascular  parts  often  is,  to  the  t\ 
eye,  complete  ;  but  even  then  crystals  or  granules  of  pigment  may  ti 
infrequently  tie  found  by  the  aid  of  the  microscope.  (2)  A  an 
ycllinvMi,  hrowuisli,  or  blackish,  from  granular  or  crystalline  pigt 
— may  mark  the  site  of  the  destruction  of  tissue  hy  hrutorrr. 
(S)  A  eullcctii.ii  of  chiicolaie-coliircd  fluid  ma)  long  remain  siirmum 
hv  a  capsule  of  inflammatory  tissue,  often  lined  by  layers  of  clot,  it 
or  less  doooltirised  and  organized  [htmuiiouta) :  the  fluid  uof" 
pigment  and  Kit-granules  uhmg  with  cholesterin -crystals.  (I)  A  <: 
wilb  more  or  less  pigmented  walls,  containing  clear  fluid  may  1*  left 
e-|Hi-ially  in  the  brain.  (■"»)  The  fluid  may  lie  ahsorlied,  and  that 
become  completely  decolorised    and    organized — a   gmd   example,  i 
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which  is  seen  in  the  so-called  "  membranous  pachymeningitis." 
process  can  frequently  he  watched  in  aseptic  wounds. 

Hematogenous  pigmentation  is  a  very  common  occurrence,  though 
on  of  little  importance.  The  presence  of  pigment  in  or  between  the 
cells  of  a  tissue  can  have  little  effect  on  the  elements  or  their  functions  : 
any  disturbance  of  these  must  be  attributed  rather  to  the  conditions 
upon  which  the  formation  of  the  pigment  depends. 

The  presence  of  this  form  of  pigmentation  may  he  the  only  evidence 
of  antecedent  disease,  audi  as  cerebral  hemorrhage,  in  which  yellow 
staining  may  he  left;  or  chronic  catarrh  of  mucous  membranes,  in 
which  slate-colored  pigmentation  marks  the  site  of  the  inflammation. 
The  pigmentation  of  the  liver  and  spleen  in  malaria,  and  of  the  liver 
and  other  organs  in  the  condition  known  as  hemochromatosis  [bronzed 
diabetes),  i-  of  similar  nature. 

2.  Pigment  Derived  from  the  Blood  by  Cell-action. — The  chief  ex- 
amples of  tins  change  arc  melanotic  warts,   nsevi,  sarcomata,  eareino- 

i ■'.  and    Addison's  disease.     The   pigment  lies   in   the  cells  more 

often  than  between  them,  is  granular,  and  varies  from  yellow  to  black 
in  color:  it  contains  sulphur  but  not  iron.  It  differs  spcetroscopi- 
cally  from  ull  known  blood-pigments,  and  is  one  of  the  melanins. 
Pigmented  growths  generally  arise  from  pigmented  tissues  (Fig.  '-Mi). 
(Sea  Melanotic  Sarcoma,  p.  123.) 

The  cause  of  the  pigmentation  of  the  skin  in  Addimu'/i  dixetmc  is 
not    satisfactorily    explained.       Irritation    of   the 
abdominal    sympathetic    is    believed    to    cause  Fio.  38. 

increased  pigmentation,  as  in  some  cases  of  ab- 
dominal tumor,  but  of  this  there  is  no  certain 
proof.  The  pigmentation  in  Addison's  disease  is 
■  .agL'rration  of  the  normal,  but  it  is 
■mm!  marked  at  points  of   pressure  (irritation). 

It  has  been   suggested  that  the   suprarenal  glands 
normally  eliminate    waste    products    derived  from      Ce  lb  con  ta  I  nlng  pigment. 
breaking-up  of  hemoglobin.      On  the  other  hand  r.'lZ".!^"  i'i',v ""iiv'i'r 

thev  apparently  contain  a  "  chromogen,"  or  sub-         xsso. 
■traoe    capable  of  being  converted    into  pigment. 

\  ii  i.i:  ions  in  the  normal  pigmentation  of  the  skin  occur  during  preg- 
piiiiH  v  ind  in  various  uterine  troubles,  as  well  as  in  melanoderma  ;  but 
no  certain  explanation  of  these,  or  of  blanching  of  the  hair  from  neu- 
ralgia or  fright,  can  be  offered. 

3.  Pigmentation  from  Bile. — This  form  of  pigmentation  is  known  as 
jaundice  (ictmix),  and  \<  due  to  obstruction  of  the  bile-passages.  The 
obstruction  may  occur  in  the  small  duets,  in  the  hepatic  duct,  or  in  the 
common  bile-duct.  It  is  most  frequently  due  to  swelling  of  the  walls 
from  catarrhal  inflammation,  to  blocking  of  the  lumen  by  gall-stones, 
or  to  ihe  pressure  of  a  new  growth  outside  the  duct.  The  continued 
secretion  of  the  bile  behind  the  obstruction  causes  a  rise  in  the  pressure 
within  the  smaller  ducts,  with  consequent  absorption  of  bile  by  the 
wins    and    lymphatics  and  its   subsequent   distribution    throughout  the 
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body.  Tt  is  first  perceptible  in  the  urine,  soon  after  in  the  eonjnnctivi 
anil  -kin,  unit  may  ultimately  statu  all  the  tissues  yellow  Or  :■ 
yellow.  Tlir  staining  of  the  skin  persists  some  time  after  the  I 
ceased  to  circulate  in  the  blood.  When  the  seat  of  obstruction  k  nj 
ihe  small  bile-ducts,  as  in  cirrhosis,  the  staining  may  be  limited  te 
small  areas  of  the  liver. 

The  pigmentation  is  due  to  diffuse  staining  ;  but  granules  and  even 
crystals  of  bilirubin  art'  oooasiuiially  found,  especially  in  icirria 
neonatorum. 

Willi  regard  t<>  the  slight  jaundice   that   occurs    in    ,septi»*:i  n 
malignant    forms  of  acute    infective    levers,  anil   some  other 

Stoxie  j'liui'liri-),  no  marked   obstruction   can   lie  demonstrated   in  the 
liicis,  and  the  exact  cause  is  doubtful.     Tt   is  probable  that  increased 

< -i.-irni'i'  of  the   biln,  and  diminished  pressure  in  the  Mouth 

I'oiiibiiuil  with  catarrh  of  the  smaller  bile-ducts,  cause  the  teMMI 
in  tlieducU  to  exceed  that  in  tlie  bloodvessels,  or  at.  any  nate  in  the 
lymphatics,  mid  thus  induce  a  slight  absorption  of  bile  into  the 
nod  a  consequent  mild  degree  of  obstructive  jaundice.  It  has  also 
Imi-ii  suggested  that  the  hepatic  ceils  may  in  certain  cases,  b) 
perversion  of  function,  discharge  the  bile  into  the  lymphatics  surround- 
ing them,  instead  of  Into  the  bile-duet.s. 

4.  Pigmentation  by  Extraneous  Substances. — Examples  of  thu 
ill'  pi-mentation    occur   in   the   lungs,  the   skin,  the    lymphatic    -hmi-. 
and  the  mocous  membranes.      The  substances  accredited  with  its  pm- 
dueiiou  ait-  carbon,  silver,  laid,  arsenic,  and   Mich    pigments  as  RM]  H 
Used  artificial!}  ;  to  these  may  be  added,  in  rare  ins  tana 
picric  aeid. 

The  inhalatio'l  of  tine  particles  of  carbon  and  other  substances  pro- 
duces pigmentation  nf  the  lungs  and   bronchial  glands.     This   i-  of 
i'oii-iil('i:ihlc   importance  and  will  l>e  descril>ed  in  detail  later  on. 
Pneumoconiosis. ) 

Tlir  prolonged  ail  ministration  of  sails  of  silver  lead-  to  the  develop- 
ment in  the  skin  and  adjacent  mucous  membranes  nf  a  peculiar  brown- 
ish-gray color.  Thai  portion  of  the  metal  which  finds  it.s  way  to  thttt 
pari-  I-,  owing  mosi  probably  to  the  action  of  light,  deposited  a-  niinun 
particles  of  reduced  silver.     This  condition  is  known  as  aroyr&un*;  it 

is  permanent 

The  existence  of  lead  in  the  tissues  is  often  demonstrated  by  (he 
presence  of  a  thin,  black,  well-defined  line  in  the  gums  when-  they  m 
in  oontncl  with  the  tcetb.  It  is  due  to  the  action  of  the  sulphuretted 
hydrogen,  given  oil'  by  the  decomposing  mailer  which  collects  between 
the  mucous  membrane  and  the  teeth,  upon  the  lead  in  the  adjacent 
1 1 . — u i ■ .  The  "  lead-line  "  is,  therefore,  usually  broken,  and  often  absent 
in  tin**-  whose  teeth  are  kepi  thoroughly  clean,  even  though  other 
symptoms  of  lead-|M>isnmng  may  l»e  present.  Pigmentation  of  ihr 
mtwotis  membrane  nfthe  large  intestine  has  been  found  associated  wlih 
Hie  presence  of  considerable  quantities  of  li-.nl  and  of  mercury  respective!]! 
in  that  part  of  the  nlimenlaiy  tract. 
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In  tattooing,  artificial  pigments  are  placed  in  the  deeper  layers  of 
the  skin.  Most  of  the  pigment  remains  in  its  original  position.  Of 
the  remainder,  some  is  removed  by  the  phagocytic  leucocytes,  and  some 
is  washed  on  into  the  lymphatics  and  filtered  out  by  the  glands,  where 
it  is  retained. 

Dead  titwues  in  process  of  serration  are  frequently  discolored — 
black,  greenish  black,  or  slate-gray — by  the  action  of  sulphuretted 
hydrogen  uj>on  the  decomposed  haemoglobin  (p.  37) ;  and  atrophied 
organ*,  in  which  the  pigment  is,  as  it  were,  concentrated,  often  appear 
darker  than  normal.  Neither  of  these,  however,  is  an  instance  of  true 
pigmentation. 

Metaplasia. 

The  present  may  be  a  convenient  place  at  which  to  allude  to  the 
change  which  epithelial  cells  at  times  undergo  as  the  result  of  altera- 
tion in  their  surrounding  conditions,  although  it  is  not  strictly  a  degen- 
eration. Thus  columnar  epithelium  may  be  converted  into  squamous 
or  into  flattened  pavement  epithelium.  An  instance  of  the  former 
may  be  seen  in  cases  in  which  the  uterus  is  inverted  and  prolapsed  : 
the  lining  mucous  membrane  is  thus  exposed  to  the  outer  air  and  to 
irritation  from  contact  with  clothes,  and  under  these  conditions  the 
columnar  cells  become  squamous  in  type.  The  columnar  cells  lining 
ovarian  and  other  cysts  may,  on  the  other  hand,  become  flattened  and 
thinned  as  the  cysts  enlarge,  this  alteration  being  produced  by  lateral 
stretching  combined  with  direct  pressure  from  the  cyst-contents.  An 
opposite  change  occurs  in  villous  growths  in  the  bladder,  which  often 
exhibit  a  columnar  covering  in  place  of  the  transitional  epithelium 
from  which  they  arise.  The  ciliated  epithelial  cells  lining  the  nasal 
cavities  become  squamous  in  type  as  a  result  of  infective  or  traumatic 
inflammation  (ozsena,  cautery).  Change  of  type  of  the  above  nature 
is  called  metaplwtia.  It  is  often  seen  in  the  secondary  growths  arising 
from  carcinomata. 


CHAPTER   IV. 
HYFJS&TXOPHY. 
Thk  morbid  processes  thus  far  described  have  been  attended  iitMf 
by  arrest  or  by  impairment  of  nutrition  ;  there  remain  ta  be  aomndend 

those  in  which  tlie  nutrition  it-  bo  changed  that  formation  exoa 

ami  increase  of  tissue  results.     They  i  mil  tide  hypertrophy  ;irnl    i---]i-iir. 

nod  minor-formation.      Repair  of  tissue  will   lie  considered  in  I 

VI.  as  part  of  tlif  motion  of  the  body  bo  irritant-. 

Hypertrophy  may  he  drlimd  a-  '■  «,i  i,,,-,-.,,.,,    j„  </... 
JunrH'Hui!  aaHoiiy  •■/  "  part  beyond  the  limit  of  health,  dne  to  an  onfall 

i  nhi,;j,  „ifiit  i,r  tmtltip/irtitliw  ••/  "It  it*  wirmitf  ri>i<xtitn<-»h."       f  I 

definition  it  will  be  Been  that  the  luiturt  of  the  process  is  strictly  pbyiv 
ologica]  ;  in  extent  only  ii  is  pathological.  External  form  and  minute  ' 
structure  alike  exhibit  a  single  change — that  of  size.  The  weigh!  of  J 
liy|MTirnphicd  organ,  however,  gives  the  most  reliable  indication  oJ  tin 
extent  of  the  change.  Strictly  proportional  to  the  increase  in  size  ami 
weight  is  that  in  work  done. 

The  terms  "  fake  hypertrophy  "  and  "  pseudohypertrophy  "  are  said 
to  Indicate  that  the  increase  !□  size,  while  presenting  a  superficial  resem- 
blance to  hypertrophy,  is  due  either  to  the  unequal  overgrowth  of  the 
tiaana  akmeOW,  or  to  the  growth  of  only  one  of  them — often  at  tfae 
expense  of  the  rest ;  and  that  there  is  no  increase  in  work  done.  Thus 
pttudatufpertrophio  muaaultir  paralysis  i-  characterized  by  ■  I 
enlargement  of  certain  muscles,  due  to  an  increase  in  their  coniieccrrt- 
tissue  dements,  accompanied  by  atrophy  of  the  muscular  tissue  ami 
diininishid  capacity  for  work. 

Hypertrophy  is  said  to  be  "simple"  when  due  to  an  increas 
■In  of  the  tissue-elements  of  the  affected  part ;  "  numerical/'  when  due 
to  an  increase  in  their  number.     The  latter  is  also  called  ftsjii  ijifiMil 
These  terms  are  of  little  practical  value ;  for  hypertrophy  i-   ii 
ntl  cases  believed  to  l>e  numerical  ;  and  in  most  ruses  it  is  simple 
In  the  great  example  of  physiological  hypertrophy — the  gravid  uterus — 
some  of  the  muscular  fibres  may  lie  ten  time-  their  normal  size. 

Etiology.— The  principal  factors  in  the  production  of  hypertrophy 
appear  to  be  (  1  |  int'n •:■«•)  jtinflitnntl  m-tirlti/,  and  (2)  exMMWt  nittriiirt 
■wppjjy.  Other  agent.-  in  which  more  or  less  importance  is  irtrnnrtrd  m 
■  ,..,!:•, I  imtte ;  i  Ii  removal  oj  re*i#tu iwes  t<i  growth  offend  l>v 
neigh l* iring  or  controlling  tissues  (itltcseil  tiame-tnurion  ;  (5)  congenital 
otmditKnt,  such  as  an  increase  in  the  embryonic  rudiment  or  an  exces- 
sive vital  energy, 

1.   In  a  large  unrulier  of  cases  hypertrophy  seems  to  occur  as  a  re- 
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sponse  to  a  demand  which  hag  arisen  far  increased  work.  An  example 
of  this  occurs  when  a  difficulty  arises  in  the  circulation.  The  difficulty 
may  be  due  to  a  narrowing  in  the  arterioles,  to  obstruction  at  one  of 
the  orifices  of  the  heart,  or  to  some  interference  with  the  movements  of 
the  heart-walls  themselves,  such  as  may  W  caused  by  the  permanent 
ailh.'Mim  of  the  visceral  and  perietal  BtufiuMfl  of  the  pericardium. 
Under  the  altered  conditions  the  normal  blood-flow  can  only  be  main- 
tains! by  increased  work  on  the  part  of  the  heart.  In  such  circum- 
stanc.  -  it  generally  happens  that  in  proportion  as  the  difficulty  gradually 
makes  itself  felt,  so  the  part  or  parts  of  the  heart,  upon  which  the  extra 
work  required  falls,  gradually  hypertrophy:  thus  the  increased  demand 
i-  [MiiiMiientlv  provided  for.  At  the  same  time  the  supply  of  blood 
through  the  coronary  arteries  is  also  increased.  It  would  seem,  indeed, 
that  this  is  the  connecting  link  between  the  increased  work  and  the 
production  of  the  hypertrophy ;  for  if,  through  disease  of  the  coronary 
arteries  or  other  cause,  the  increase  in  the  supply  of  blood  to  the  heart 
cannot  !"■  effected,  the  requisite  hypertrophy  does  not  occur.  When 
hypertrophy  arises  in  this  way  it  is  termed  c»nijH->imtory. 

In  "(tmc  instances  a  further  explanation  of  the  compensatory  hyper- 
trophy of  the  muscular  walls  of  the  heart  seems  possible.  Regurgita- 
tion through  the  mitral  orifice  causes  over-distent  ion  of  the  left  auricle 
and  stretching  of  its  muscular  walls,  as  well  as  overfulness  of  the 
supplying  pulmonary  vessels.  The  walls  of  the  auricle,  being  in  the 
position  nf  an  overweighted  muscle,  wilt  subsequently  contract  with 
proportionately  increased  vigor,  and,  if  the  increased  work  is  accom- 
panied by  a  proportionately  increased  blood-supply,  will  gradually 
hypertrophy.  The  increased  amount  of  blood  consequently  discharged 
into  the  left  ventricle,  just  before  its  contraction,  will  distend  the  latter 
cavity  and  stretch  the  muscular  fibres  in  its  walls  during  the  period  of 
their  relaxation,  and  will  lead,  therefore,  in  a  similar  way  to  hyper- 
trophy of  the  left  ventricle.  The  right  ventricle  will  also  undergo 
hypertrophy,  due  to  the  increased  work  doue  in  forcing  the  blood 
tBYOllgn  the  lungs  into  the  left  side  of  the  heart. 

The  [lower  of  the  heart  thus  to  hypertrophy  is  by  no  means  un- 
limited. One  source  of  limitation  is  very  clear :  this  is  in  the  blood- 
supply.  If  in  any  way  the  quality  of  the  blood  deteriorates,  or  the 
coronary  vessels  Iweome  rigid  or  partly  obstructed,  not  only  is  increased 
growth  mi  impossibility,  but,  as  has  already  been  said,  fatty  degenera- 
tion will  inevitably  ensue  (p.  SI).  The  other  chief  source  of  limitation 
ties  in  the  "  growing  capacity  "  nf  the  cells.  When  the  original  disease 
is  of  a  progressive  character,  or  when  its  ravages  are  increased  by  the 
help  of  allied  diseases,  it  is  clear  that  there  must  come  a  time  when, 
■Van  though  the  coronary  circulation  he  apparently  adequate,  the 
inherited  capabilities  of  the  cells  will  fail,  and  growth  consequently 
cease.  Little  is  known  concerning  this  inherited  growing  capacity,  but 
erj  important  factor.  Probably  no  increase  of  the  blood-supply 
!■-<■  a  thymus  gland  from  atrophy  or  increase  the  number  of 
adult  ganglion-cells. 
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When  muscle  contracts  frequently  against  a  moderately  inci 
i,  it  also  hypertrophies,  as  is  seen  in  training.  Frequent  contraction 
iiloiic  is  insufficient,  for  the  muscles  of  bands  used  actively,  but  not 
forcibly,  do  not  enlarge,  nor  is  frequent  micturition  in  pyelitis  followed 
by  thickening  of  the  muscular  walls  of  the  bladder,  If,  however,  in 
obstruction  occurs  in  the  urinary  passages,  which  the  bladder  can  over- 
eoine  by  more  powerful  contraction,  hypertrophy  begins.  Other  ex- 
amples of  such  compensatory  hypertrophy  may  be  seen  in  the  walls  of 
the  intestine  just  above  a  permanent  but  not  impermeable  stridim-,  H 
in  those  of  a  vein  in  aneurysmal  varis,  or  of  any  bloodvessel  through 
which  an  abnormal  quantity  of  blood  is  forced. 

When  any  organ  is  removed]  or  prevented  from  fulfilling  its  ordinary 
function,  oilier  organs,  which  take  on  its  work,  hypertrophy,  rcccivii 
the  blood  which  should   have  supplied  the  diseased  organ  as  well 
their  own.     This  is  best  seen  in  the  kidney  ;  rarely  in  th.    !i-ti- 
perhaps,  occasionally  in  the  lung.     The  power  of  hypertrophy 
by  a  glandular  organ  is  only  complete  in  foetal  life.      If  one  kidney  1* 
destroyed  before  birth,  the  other  will  grow  until  it  reaches  double  it- 
normal  weight,  but  if  the  damage  occur  later,  the  increase  in  the  sur- 
viving organ  will  not  exceed  one-third  of  the  original,  and  the  roMBI 
power  of  the  organ   will  accordingly  be   less.      Removal  of  one  fuI 
maxillary  gland  is  not  necessarily  followed  by  hypertrophy  of  otb> 
salivary  glands ;  this  occurs  from   more   frequent  stimulation  of  their 
secretory  nerves,  which  probably  produces  the  large  submaxillai  | 
seen  in  epithelioma  of  the  tongue.     The  kidneys,  however,  are  under 
nerve-control  in  a  different  way  ;  they  seem  to  be  excited  to  secrete 
the  presence  in  the  blood  of  material  suitable  for  their  secretion,  i 
hypertrophy  naturally  results  from  a  continued  and  marked  increase  b 
the  supply  of  blood  containing  such  material — presumably  the  product.- 
of  tissuc-nietaliolir-in.      Enlargement  of  lymphatic  glands  lias  been  noted 
after  removal  of  the  spleen.      Increased  weight  thrown  on  a  boot 
thickening  of  it — r.  g.,  of  the  fibula  in  ununited  fracture  of  the  tibta, 

2.  Increased  nutritive  supply  has  already  been  considered  in  pt 
Attention  must,  however,  l>e  drawn  to  those  cases  in  which  emtfint 
hypertonia  from  hard  use  and  slight  injuries  is  followed  by  ihickeni 
n  the  epithelium,  as  in  a  laborer's  band.  Under  similar  conditional 
corn  may  arise.  Increased  blood-supply  to  a  limb  may  cause  lengthen- 
ing of  a  lione,  if  the  epiphysis  be  ununited,  as  is  si-en  in  bug) 
caries, necrosis,  and  other  conditions:  the  soft  parts  increase  secondarily. 
Excessive  growth  of  hair  occurs  in  the  hyperemia  /one  of  a  chronic 
ulcer  nf  the  leg.  In  all  probability  increased  vascular  supply  cannot 
by  itself  give  rise  to  hypertrophy  of  any  but  the  least  specialized 
tissues. 

3.  Diminished  waste  is  not  a  common  cause  of  hypertrophy.     The 
sclerosis  of  In  me  produced  by  small  doses  of  phosphorus,  the  increase 
sire  and  strength  of  animals  treated  with  small  doses  of  arsenic,  ai 
the  invigorating  effect  uf  this  drug   upon   Styrian  mountaineers,  may 
perhaps  be  explained   by  dhninished   not 
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An  example  often  quoted  is  the  sn bin  vol  u ted  uterus,  the  bulk  of 
which  is  made  up  of  hypertropbied  muscle  and  connective  tissue  with 
thick-walled  vessels,  but  it  is  doubtful  whether  chronic  inflammation 
is  not  largely  responsible  in  these  cases.  Uncut  hair  and  nails,  and, 
in  the  c-.ise  of  many  animals,  unopposed  teeth,  grow  till  their  vessels 
supply  only  nutriment  enough  to  maintain  them  in  their  finally  attained 
condition.      Those  arc,  however,  doubtful  examples  of  hypertrophy. 

4.  The  removal  of  resistances  to  growth  is  difficult  to  uoertun.     It 

times  mentioned  as  a  factor  in  the  production  of  such  deformi- 
ties H  "  knock-knee  "  {genu  valgum)  :  here  excessive  pressure  is  thrown 
on  the  outer  articular  surfaces  of  the  femur  and  tihia,  whilst  the  weight 
home  by  the  inner  surfaces  is  less  than  normal,  and  they,  consequently, 
grow  excessively.  This  explanation  is,  however,  incompatible  with 
the  occurrence  of  atrophy  of  the  tibia  in  ununited  fractures  of  that 
Ixme.  Many  scleroma  or  hypertrophies  of  connective  tissue  follow  upon 
■trophy  of  the  essential  elements  of  an  organ:  the  natural  resistance 
lie t ween   the  two  tissues  (tixmie-teitxiuit)    lias  been    removed. 

5.  There  remain  certain  cases  in  which  the  etiology  is  even  more 
doubtful  than  in  the  above.  These  are  (1)  cases  of  true  (/hint-growA — 
c  g.,  hypertrophy  of  the  whole  body  (yittnUi),  of  half  the  body,  of 
whole  limbs,  or  of  parte  of  limbs,  as  fingers  and  toes  :  such  parts  are, 
<>n  dissection,  normal,  except  in  size.  A  peculiar  disease,  acromegaly, 
characterized  by  enlargement  of  the  extremities  and  of  some  of  the 
omnia]  bones,  is  supposed  to  be  due  to  disease  of  the  pituitary  body  : 
and  some  eases  of  giant-growth  are  said  tc.  he  examples  of  this  Condi- 
tion, (2)  Cases  of/ra/w  r/in>H-r/ro>cfh  occur  in  which  the  connective 
tissue  alone  is  increased,  the  part  being  often  misshapen  s  lymphatic* 
are  often  dilated,  and  the  bloodvessels  may  be  mevoid.  Examples  are 
met  m  ilh  especially  in  the  lip  (mnerorliiiliti),  tongue  (mnrrrtt/fmytitt),  and 
lower  extremity  :  these1  changes  arc  by  some  authorities  classed  as  lym- 
phangiomata  (p.  105).  Hypertrophy  of  connective  tissues  and  sarfaos- 
epithelinm  may  result  from  an  excessive,  though  slow  and  impure, 
-upplv  of  blood.  In  .some  of  the  above,  which  are  congenital  or  appear 
BOOH  after  birth,  there  may  be  excessive  vital  energy  or  too  large  a 
number  of  the  cells  forming  the  rudiment  of  the  part  or  tissue. 

Nothing  is  known  of  the  causation  of  the  enormous,  but  rare, 
enlargement  of  the  female  breast  which  may  occur  at  puberty.  Senile 
hypertrophy  of  the  prostate  is  variously  attributed  to  chronic  inflam- 
naeutiofl  and  to  adenomatous  overgrowth  :  recent  investigations  point  to 
the  former  as  the  more  probable  explanation  (Daniel), 


Toe  term  "tumor"  is  primarily  a  clinical  one,  and  signifies  a  local 
swelling.  Thus  an  enlarged  palpable  kidney  is  usually  s|>oken  of  as  a 
renal  tumor,  altogether  apart  from  any  belief  regarding  the  actual 
nature  of  the  enlargement.  In  pathology,  however,  the  term  tumor 
denotes  certain  iocid  growUw  of  new  tissue,  the  nature  of  which  is  hut 
imperfectly  known.  Xi>  satisfactory  definition  is,  therefore,  jmi— il>h. 
Nevertheless,  tumors  possess  certain  common  characters  which  serve 
to  il Lst ii igu ish  them  from  allied  conditions.  The  chief  of  tbm 
gmshing  features  are,  (I)  an  unusual  independence  of  growth  ;  (3)  n 
varied  degree  of  similarity  of  structure  to  that  of  the  pan  from  which 
the  growth  spring*  ;  (3)  an  extreme  tendency  of  the  OOmpODttll  tisstic- 
elements  to  undergo  degeneration  ;  and  (4)  a  complete  absence  of  all 
function ,  or,  in  other  word*,  tlie  absolute  nselessness  of  the  mass  of  new 
tissue.     These  characters  must  be  considered  in  detail. 

1.  Independence  of  Growth. — There  are  no  known  laws  regulating 
the  growth  of  a  tumor.  The  growth  in  nt  first  quite  local,  and  is  limited 
to  the  continuous  extension  of  the  primary  focus  in  its  immediate  neigh- 
botboacL  Subsequently,  by  means  that  will  presently  lie  described, 
some  forms  of  new-growth  possess  the  power  of  reproducing  themselves 
in  other  parts  (p.  91).  Two  other  striking  differences  between  the 
growth  of  ordinary  tissues  and  that  of  tumors  must  be  mentioned. 
Firstly,  tin-  nutrition  of  a  tninue  I.-,  •  li.-jjinijiiirtioiiiit-'  to  the  nutrition  of  the 
ti**uf*  in  it*  itttmedUite  neii/hhorhni^l,  and  often  to  that  of  the  hottt/  bike* 
Ot  n  whole.  Thus,  in  the  ease  of  a  fatly  tumor  in  the  Balm 
!J--ue,  tlie  body  may  l>econie  thin  and  the  subcutaneous  tilt  disappear, 
while  the  fatty  tumor  wastes  but  little  if  at  all.  Moreover,  ■<, 
growths  oft,. n  filiate  rapidly,  while  all  the  nther  li—ne-  arc  a-  u/iickh 
emaciating.     Secondly,  the  nutrition  of  a  tumor  Is  often  diaprop 

to  the  age  of  the  indiridufd  in  whom  it  occurs.  This  is  seen  in  tlit 
growth  of  cancers  which  arise  and  grow  rapidly  in  old  [leople,  while 
the  rest  of  tlie  tissues  are  gradually  undergoing  atrophy. 

2.  Peculiarities  of  Structure. — In  structure,  tumors  more  <  i 
Mtnbla  normal    tissues    in   some   stage  of  their  growth — ever)-   morbid 
new-growth    having    its    prototype    among    the    normal    tissm 

i.  nmblanoe,  liowever,  i-  at  liest  incomplete,  the  tiesue-elementB  oAai 
differing  in  form,  arrangement,  or  some  other  detail  ;  and  tumors  are 
tfaag  always  more  or  less  atypical  in  their  structure.  As  a  rule,  tlie 
difference  between  the  normal  and  the  abnormal  tissue  is  bo  great  that 
by  means  of  tlie  naked  eye  alone  one  can  tell  roughly  where  the  one 
begins  and  the  other  ends. 
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Certain  special  forms  of  multiplication  of  the  cells  of  tumors  Lave 
been  described,  Thus  the  nucleus  in  malignant  growths  may  undergo 
peculiar  plui*s  of  mitosis,  dividing  into  three  daughter-nuclei  instead 
of  int"  two;  while  tile  mitotic  threads  are  reduced  in  number,  owing 
to  failure  of  die  original  ehrnniatin-tilaments  to  undergo  the  usual 
longitudinal  division.  Thia  latter  peculiarity  resembles  the  behavior 
of  the  cells  of  reproductive  organs.  Some  observers  have  claimed  to 
find  evidence  of  < unitization  taking  place  between  the  cells  of  malig- 
nant tumor.-,  hut  tins  statement  demands  much  fuller  proof  than  has 
vet  been  adduced. 


Tumors  frequently  originate  in,  and  closely  resemble,  the  connective 
ti--iir-  in  their  fully  developed  or  embryonic  state.  .Surface  epithelium 
and  gland-cells  are  also  common  sources  of  tumors,  but  are  less  closely 
eopied  by  most  of  the  new-growths  arising  from  them.  Voluntary 
urn-' 1r-  ami  nerve-cells  maybe  invaded  by  new-growths,  but  do  not 
often  serve  as  start  ins; -points.  Tumors  are  generally  supplied  with 
bloodvessels  and  lymphatics,  but  not  with  nerves. 

The  terms  hoviolof/om  and  fniero/oyou«  arc  sometimes  applied  to 
tomors.  When  the  tumor  resembles  the  tissue  from  which  it  originates 
it  is  said  to  be  homologous ;  when  it  diners  from  this  it  is  said  to  be 
■  'it-.  A  cartilaginous  tumor  arising  from  curtilage  is,  there- 
Ebm,  homologous,  but  occurring  in  any  other  than  connective  tissue, 
;i-,  |in  example,  in  the  parotid  gland,  is  heterologous.  The  distinction 
i-  unimportant,  for,  in  the  example  just  given,  the  cartilage  does  not 
actually  arise  from  the  gland-cells  of  the  parotid,  but,  in  all  probability, 
from  the  connective  tissue  or  from  a  misplaced  remnant  of  Meckel's 
cartilage.  Heterologous  tumors  are  generally  secondary  to  some 
primary  growth  occurring  in  a  distant  part. 


The  relation  of  the  tumor  to  the  surrounding  parts  varies.     Bono- 
times  the  tumor  is  firriniwiilml,  merely  displacing  them  and  stretching 
urn]  irritating  their  connective  tissue,  bo  that  the  utter  comes  t>>  nan  i 
fibrous  capsule  aroimd  the  tumor,  which  thus  generally  tonus  ■  tpbo 
roidal  or  tabulated  mass.     Lipomata,  fibromata,  and  ehondromata  ore 
usually  thus  encapsuled.     In  other  cases  the  growth  hinttt,-*  i  In- 
st rue  tit  res.     There    is   then  no  real   line  of  demarcation  between   Km 
tumor  and  the  Borrounding  parts  ;  and,  although  to  the  naked  ■ 
may  seem  to  be  one,  the  microscope  "ill  show  that  the  apparent!) 
tissues  are   more  or  less  infiltrated  with   cells  from    the   parent    growth 
(Fig.  59).      In   BUefa   a   case,  while   the   main    body  of  the   tumor   may 
as-ume  a  roughly  spheroidal  shape,  outlying  iliseonlinuous  nmliili>  ni:n 
also  l>e  Viftiblo  to  the  naked  rye. 

3.  Retrogressive  Changes. — A    tumor  very   rarely  disappeu 


ditteri 


may  cither 


remain    Btationary  or   grow,  slowly  or    rapidly.     Sooner    or    later    it 
usually    becomes   the  seat  +  >t"  necrosis  nr  degeneration.     The    til—  H 
which  these  commence  varies.     The  more  rapid  the  growth  and 
specialized  the  new  tissue,  the  less  is  its  durability  and  the  BOOMrdo 
retrogressive  changed  occur.     Many  carcinomata  and  sarcomata  uV  1 1 
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rapidly,  and  degenerate  quickly  (Fig.  40),  They  consist  for  the  most 
part  of  cells:  their  elements  are  unstable  and  soon  perish.  Obhoua 
tumors,  on  the  other  hand,  develop  slowly  ;  they  consist  of  a  more 
highly  organized  tissue  and  have  much  greater  stability. 

The  retrogressive  changes  are  similar  to  those  met  with  in  the  normal 
tissues.  Thus,/'/////,  pigini'ulnri/,  calcareous,  colloid,  and  Mucoid  degen- 
rriiltnnn  may  occur.  Tumors  may  also  become  the  seats  of  inflammation, 
ulceration,  necrosis,  and  hemorrhage. 

4.  Absence  of  Function. — No  tumor  serves  any  useful  purpose. 
Some  adenomata  are  said  to  have  duets  and  some  secretory  power,  but 
these  statements  need  further  confirmation. 

Recurrence  and  Generalization. — A  tumor  may  recur  locally  after 
removal ;  and,  independently  of  removal,  growths  similar  to  tin-  primary 
tumor  min/  form  (1 )  in  the  nrii/hliorliooil  of  the  parent  growth,  ('2)  t»  the 
mill  •■_•.!  li/iHjilttitic  glands,  or  (.'.{)  in  mure  distant  tissues  or  organs.  Some- 
time* all  tliexe  occur.      Each  must  he  considered  separately. 

1.  Reproduction  in  Adjacent  Structures. — The  recurrence  of  a  tumor 
in  loco  after  operative  removal  is  due  to  some  of  its  cells  having  been 
left  behind,  and  is  therefore  much  more  likely  to  occur  in  those  growths 
which  infiltrate  the  surrounding  tissues,  and  really  extend  beyond  their 
apparent  limits,  than  in  those  which  are  encapsuled.  The  cells  left 
behind  continue  to  grow  and  thus  (he  tumor  recurs.  Apart  from 
removal,  cells  may  be  earned  to  some  little  distance  from  the  primary 
growth  by  lymph-  or  blood-currents,  and,  on  becoming  impacted,  may 
form  the  nucleus  of  secondary  nodules  springing  up  around  the  original 
tumor.  In  some  tumors  local  recurrence  may  take  place  many  times, 
and  lead  to  the  death  of  (he  patient  without  any  infection  of  glands  or 
distant  ti-siics, 

2.  Reproduction  in  the  nearest  Lymphatic  Glands.— This  is  owing  to 
the  entry  into  the  lymph-stream  of  cells  from  the  primary  growth. 
The  cells  are  carried  to  the  nearest  lymphatic  glands,  and  there  arc 
■nested,  developing  into  secondary  tumors  of  the  same  nature.  When 
(!].■  lymphatic  glands  have  themselves  become  the  seat  of  secondary 
growths,  they  in  their  turn  constitute  new  centres  of  infection,  and 
may  thu-  infect  the  more  distant  glands  or  the  immediately  adjacent 
tiMHKB.  When  the  lymph-sinuses  of  a  gland  are  so  blocked  by  new- 
growth  that  lymph  cannot  pass,  a  regurgitant  flow  is  the  natural 
result,  and   the  lymph,  hearing  tumor-cells,  has  to  find  a  new  course 

through  other  vessels  and  glands.  In  this  way  we  can  account 
for  infection  of  the  abdominal  glands  by  a  tumor  of  the  lung,  and  for 
th«  muiien ms  nodules  in  the  skin  which  sometimes  occur  all  around  an 
scirrhua  of  the  mamma.  The  tendency  of  new  growths  to 
reproduce  themselves  in  the  lymphatic  glands  varies  very  much.  It  is 
very  marked  in  caninomata,  while  in  sarcomata  it  is  comparatively 
slight.  The  reasons  for  these  differences  will  be  seen  in  subsequent 
chapter-. 

3.  Reproduction  in  Distant  Tissues. — This  is  usually  the  final  stage 
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in  the  history  of  most  malignant  growths,  and  is  known  as  their 
"generalization."  The  reproduction  of  the  primary  growth  in  dis- 
tant tissues  is,  in  the  great  majority  of  cases,  owing  to  the  entry  of 
some  of  its  elements  into  the  lymph-stream ;  more  rarely  it  may  be 
effected  through  the  bloodvessels.  The  secondary  tumors  are, 
therefore,  the  result  of  embolism  of  tumor-cells ;  and  are  of  the  same 


ie  liver,  o,  liver-tlsmie.congeited;  b,  b,  oodulea  of  growth: 
around  nodules  ;  <'.  highly  vascular  nodule  of  cwctnunM, 
Issue;  e,  e,  umbilical!  on  of  nodules  when  they  reach  the 


nature  as  the  primary  one,  although  they  may  be  larger  and  are  often 
softer,  more  vascular,  and  more  active  in  growth.  They  may  them- 
selves liecomc  secondary  centres  of  infection,  and  in  the  same  way 
cause  tertiary  growths  in  parts  Iwyoitd. 

Although  the  general  dissemination  of  a  malignant  growth  is  thus 
in  most  cases  due  to  the  transmission  of  its  elements  by  the  blood- 
stream, this  is  not  the  only  way  in  which  it  may  !>e  brought  about. 
Exceptional  cases  have  l>et*n  described  in  which  the  elements  of  a 
tumor  have  lieen  distributed  and  have  caused  secondary  growths  in 
other  ways,  as  by  passing  down  (lie  trachea,  between  the  layers  of  the 
peritoneum,  or  from  the  kidneys  down   the  ureters  to  the  bladder. 

Ijastly,  it  must  be  luirne  in  mind  that  growths  may  lie  secondary  to 
each  other  only  in  fiW;  that  is,  they  may  originate,  independently  of 
each  other,  from  different  primary  foci. 

We  liave  spoken  of  generalization  and  lymphatic  infection  as  being 
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due  to  the  transference  of  tumor-cells  from  the  primary  growth.  That 
the  primary  growth  in  the  real  source  of  the  secondary  growths  is  shown 
by  their  similarity  in  structure ;  by  their  time-relationship ;  by  their 
demonstrable  connection  by  means  of  blood-  or  lymph-channels ;  by  the 
occasional  discovery  of  tumor-cells  impacted  in  the  bloodvessels  as 
emboli ;  by  the  invariable  absence  of  secondary  growths  from  non- 
vascular tissues  such  as  cartilage  and  cornea ;  and  by  the  occurrence 
of  secondary  growths  in  tissues  in  which  primary  tumors  of  the 
structure  in  question  are  never  found. 

Effects. — A  tumor,  by  its  growth,  position,  generalization  and 
secondary  changes,  may,  in  many  ways,  produce  marked  effects  on 
local  and  general  nutrition  :  (1)  The  local  growth  may  lead,  mechani- 
cally, to  the  destruction  of  parts  essential  to  life,  as  in  the  case  of  an 
otherwise  innocent  tumor  in  the  |>ons  or  medulla  ;  or  it  may  similarly 
impair  the  action  of  important  organs  such  as  the  lungs  or  stomach, 
and  thus  lessen  the  exchange  of  gases  in  the  former  or  interfere  with 
the  digestive  changes  in,  or  passage  of  food  through,  the  latter.  (2)  The 
rapidity  and  extent  of  the  growth  may  lead  to  the  abstraction  of  the 
nutriment  needed  for  the  maintenance  of  the  normal  tissues.  (3)  Hemor- 
rhage may  occur  into  or  from  a  tumor  and  give  rise  to  anaemia,  as  in 
the  marked  hematuria  which  characterizes  growths  in  the  kidney. 
(4)  Inflammation,  ulceration,  and  septic  absorption  may  occur,  as  in 
epithelioma  of  the  tongue.  (5)  Pain  and  anxiety  may  cause  anorexia 
and  sleeplessness.  (6)  Some  abnormal  and  deleterious  substances  may 
be  discharged  into  the  blood-stream  by  the  tumor-cells,  although  this 
is  at  present  a  purely  hy|M>thctica1  supposition.  (7)  Many  of  these 
effects  may  l>e  increased  by  similar  action  on  the  part  of  secondary 
growths.  In  these  ways  tumors  may  lead  to  wasting,  loss  of  strength, 
and  anaemia ;  in  other  words,  to  the  condition  known  as  the  cachexia 
of  malif/nnnl  disease. 

Locally,  a  tumor  acts  as  a  foreign  body,  irritating  the  cells  which 
come  in  contact  with  it  at  its  ]>eriphery,  and  causing  proliferation  of 
the  connective-tissue  elements.  A  zone  of  small  round  cells  of  an 
"  inflammatory  "  nature  is  therefore  seen  surrounding  a  rapidly  growing 
tumor,  and  these  may  become  organized  into  the  fibrous  capsule  which 
usually  surrounds  benignant  growths. 

Clinical  Course. — Tumors  are  divided  clinically  into  two  great 
types,  the  mmple  and  the  malignant. 

A  simple  or  innocent  tumor  is  one  which  grows  slowly  and  steadily, 
or,  having  attained  a  certain  size,  remains  stationary.  It  consists  of 
tissue  closely  resembling  some  normal  adult  tissue,  and  is  generally 
surrounded  by  a  distinct  capsule  out  of  which  it  can  lie  completely 
shelled — for  there  is  no  infiltration  of  surrounding  parts.  Conse- 
quently, it  seldom  recurs  locally  after  removal,  ami  secondary  growths 
in  glands  or  elsewhere  do  not  result  from  it.  Its  interference  with 
health   is  only  mechanical,  unless  some  accident — sis  inflammation — 


I 


iK-cur  in  it.  Tumors  of  the  fully  developed  ennneetive-tissqc  typp 
generally  pursue  this  course,  ami  may  grow  to  a  huge  size. 

A  malignant  tumor,  on  tlie  oilier  hand,  grows  rapidly  and  tends  to 
enlarge  continuously.  It  consists  of  tissue  which  is  markedly  atypical, 
and  is,  as  a  rule,  iincncapsuled,  progressively  infiltrating  the  surround- 
ing tissues,  and  presenting  no  clear  line  of  demarcation  as  a  guide  tn 
removal.  Complete  removal  is,  therefore,  very  difficult,  and  sub*- 
ipient  recurrent*,  locally  and  in  distant  jiarts,  probable.  Though  th« 
patient  is  often  in  cxrellent  health  when  the  tumor  first  appears,  '- 
cllccls  soon  give  rise  to  the  cachexia  just  descrilied.  The  more  rapidly 
ami  the  more  completely  a  tumor  produces  these  result-,  the  | 
said  to  lie  its  malignanay.  Growths  vary  much  in  these  ronpecta,  and 
a  sharp  dividing-line  Iwlween  innocent  and  malignant  growths  cannot 
always  lw  drawn.     Home  unciieapsiilcl  growths  are  innocent  (gliomata); 

some  having  the  structure  of  malignant  growths  enlarge  oootin *rj 

Imt  do  not  invade  glands  or  distant  parts  (rodent  ulcer)  ;  while  oiben 
recur  in  ncigblwriiig  glands,  hul  not  in  distant  parts  (cpitbeliotai  d 
tongue).  Some  growths,  at  first  innocent,  occasionally  become  malig- 
nanl  (papilloma,  adenoma).  Sarcomata  and  carcinomiUt  furnish  lb* 
best  examples  of  malignant  tumors. 

Etiology. — Of  the  etiology  of  tumors,  as  a  class,  nothing  certain 
is  at  present  known.  A  few  scattered  facts  have,  however,  been  ns<vr- 
laineil,  throwing  light  on  the  causation  of  certain  divisions  of  the  group. 
Recent  research  has  been  devoted  almost  entirely  !•>  the  study  of  the 
malignant  Inmom,  especially  carcinomnta,  while  simple  growths  faaM 
been  comparatively  neglected.  Little  attempt  has  l«-en  made  to  treat 
the  ipieslion  from  a  general  point  of  view. 

It  is,  indeed,  possible  that  it  may  he  necessary  in  the  light  of  addi- 
tional   knowledge,  to   subdivide    the   group,  and    to   separate    dttlervnt 
varieties  of  tumor  one  from  another,  just  ;is  certain  pmcesaea  formerly 
looked   ujHin  as   Dew-growths   have   now  been  removed  from  r1 
and   recoguiaed  as  inflammatory.     Of  such,  tubercular  and   syphilitic 
granuliiuiata    afford     iu.-taii.i-.         In     die    -aiiio.     way     future 
may  carry  the  process  further  and  resolve  the  present  apparently  bonaa> 
geneons  group  of  tumors  into  a  variety  of  separate  formation*  due  tt 
entirely  difTorenl  causes.     Ai  present,  however,  then1  is  no  sign  of  an 
probable  line  of  cleavage.     Tumors  form  a  group  characterised  by  well- 
defined    peculiarities  which  differentiate  them    from   other  pathological 
conditions  (p.  88) ;  mid,  while  they  continue  to  form  a  class 
selves,  it  is   necessary  that   any  cause  suggest.il    to  account   for  their 
production  should  apply  to  the  whole  group  anil  not  merely  to  isolated 
frictions  of  it. 

The  objection  may,  indeed,  lie  here  raised  that  the  malignant 
growths  do  form  a  class  apart,  aud  that,  therefore,  for  the  members  of 
ibis  group,  a  method  of  causation  different  from  (hat  of  ■  it  her  neo- 
plasms is  to  be  sought.  Closer  consideration,  however,  shows  that  at 
the  present  time  there  are  no  sufficient  grounds  for  maintaining  stich  a 
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distinction.     The  qualities  which  constitute  malignancy  dilTer  in  degree 
rather  than  In  kind  from  the  characteristics  of  benign  growths,  as  has 

JUst    Ill'Cll   shown, 

it  seems  clearly  established  that  all  tumors  originate  as  local  lesions, 
and  are  Dot,  to  iias  been  suggested,  manifestations  of  some  general  con- 
stitutional disea.se,  Iln-rilit;/  ap]icars  to  play  some  part  in  the  causa- 
tion of  certain  growths,  especially  those  of  the  uterus  and  mamma, 
lnii  it  is  difficult  to  estimate  the  exact  weight  that  should  lie  attached 
to  this,  factor. 

Various  hypotheses  have  been  propounded  with  respect  to  the 
etiology  of  tumors.  Some  of  them  appear  to  emlmdy,at  least,  portions 
of  the  truth  :  they  point  to  sulxirditiate  causes  which  are  at  work  in 
individual  instances,  ami  which  need  a  central  principle  to  unite  them 
into  a  coherent  whole.  The  more  important  of  these  hypotheses  must 
In-  briefly  considered. 

1.  Theory  of  Embryonic  Remains. — Virehow  discovered  in  the  can- 
cellous portions  of  some  of  the  long  bones  small  "  islands  "  of  unaltered 
cartilage-eel  Is,  which  he  suggested  might  form  the  starting-point  of 
tumors.  Cohnheim  extended  this  suggestion  and  applied  the  principle 
to  explain  the  origin  of  all  kinds  of  new-growth.  On  his  hypothesis, 
tUnaooea  occur  in  which  cither  more  cells  are  formed  than  are  neces- 
sary tor  the  development  of  a  part,  or  in  the  process  of  growth  certain 
gtOBps  of  cells  are  isolated  and  cut  on"  from  their  fellows.  These 
groups  of  superfluous  cells  may  subsequently  develop  into  tumors. 
The  cells  may  either  continue  to  develop  in  the  ordinary  way,  so  as  tn 
form  mature  tissue-cells  of  various  kinds,  or  they  may  remain  embry- 
onic in  character.  In  the  former  case,  tumors  of  the  benign  variety- 
will  arise— resembling  adult  tissue  and  growing  relatively  slowly  ;  in  the 
latter  ca.-c,  malignant  growths  will  occur.  In  favor  of  this  theory  the 
following  facts  may  lie  adduced.  (1)  Dermoid  cysts,  which  are  prac- 
tically innocent  tumors,  are  almost  certainly  due  to  errors  of  develop- 
ment, and  congenital  moles  frequently  serve  as  the  starting-points  of 
melanotic  sarcomata  in  iater  life,  (2)  Tumors  are  very  frequently  found 
in  the  neighborhood  of  points  where  the  developmental  process  is  com- 
plii-ateil,  and  where,  therefore,  errors  might  naturally  be  expected  to 
occur  ni"-t  frequently.  Instances  arc  seen  in  the  common  appearance 
nl'  ourinoma  in  the  rectum,  where  the  junction  takes  place  between  the 
original  hind-gut  and  the  invaginatcd  epi blast,  forming  the  procto- 
deum ;  :it  the  external  us  uteri,  where  Mullet's  ducts  open  into  the 
urogenital  sinus;  and  at  points  where  different  varieties  of  epithelium 
a)  the  cardiac  and  pyloric  orifices  of  the  stomach.  (3)  In 
many  cases  there  arc  formed  in  various  orgaus  tumors  consisting  of 
an  entirely  different  character  to  those  normally  found  in  such 
poaitione,  the  presence  of  which  can,  however,  be  accounted  for  by 
mppoeuig  the  inclusion  of  a  portion  of  some  neighboring  structure. 
Thus,  li'r  example,  parotid  tumors  frequently  contain  cartilage,  which 
maj  be  derived  from  that  forming  the  inferior  maxilla  (Meckel's  car- 
tilage) ;  and  renal  growtiis   may  contain   cells  resembling  those  of  the 


adjacent  suprarenal  bndy,  or  voluntary  muscle-cells  derived  from  the 
embryonic  ninsclc-platc.-,  which  lie  near  the  Wolffian  body  in  tin-  drr> 
ess  of  development. 

On  tiie  otluT  band,  eevereJ  objections  may  Ik.-  raised  to  OobdbwdN 


theory.     (1)  The  •'  rests  "  or  isolated  cell-groups,  upon  which  it  is  based, 
are  not  actually  found  with  any  frequency  within  the  body.     fS)  Xnoa 

which  do  occur,  .-urh  as  the  cartilage-islands  discovered  by  Vircboi 


and    certain    I ■pithelial    groups   in  the   tonsils,  do  not  show  any  actual 
tendency  to  develop  into  tumors — in  other  words,  no  trftaaitlOl 
are  found  between  these  masses  of  cells  and  actual  tumor-.     {'■'•)  TuboD 
do  not  occur o{  points  of  fusion  between  different  embryonic  sirucmr.-, 

but  rather  in  l/w  nti<jUf>»rh  ■••><]  nf  tln-e  points,  which  are  in  i 

specially  liable,  owing  to  their  anatomical  characters,  to  tin 
and  mechanical  irritation.  (4)  New  growths  may  arise  in  scar-tissue, 
in  which  it  is  practically  impossible  to  imagine  the  existence  of  primor- 
dial "rests."  (.j)  Colmheim  himself  admitted  that  certain  instance* 
of  tumor-formation,  in  which  chemical  irritants  were  ul>\ioiisl\  the  >-x- 
oHJna  '-aiis,-,  could  not  he  explained  on  this  theory. 

The  necessary  conclii-am  appears  to  he  that  the  theory  of  "cm 
remains,"  white   indicating  a   method   of  causation  which  is    probably 
ctKi'tive   in   the  ease  of  certain   classr-  uf    tumor,  is    nut   ade 
embrace   the  whole  of  the  group,  and  affords  only  an    incomplete  and 
partial  explanation. 

2.   Theory   of   Chronic    Irritation. — Many   examples    are    seen    of 
tumors  arising  at    points  which  arc  the  scats  of  chronic  innBramstfcm 
Thus,  the  edges  of  long-standing  ulcers  are  favorite   positions   for  tbr 
development  of  epitnelinmata,  and  the  [mints  al  which  this  diaeam eaesl 
frequently  affects  the  alimentary  canal   are  those  at  which  the  lumen   t- 
narmweil,  and  which  arc,  therefore,  specially  liable  to  traumatism  fan 
the  contents  of  the  tube.     Such  localities  are  (1)  the  two  orifices  of  (fas 
Htonui  b,(2)the  point  where  the  (esophagus  is  crossed  by  the  left  hn>n.-lni-. 
and  (o)  that  where  it  joins  the  pharynx,  opposite  the  cricoid   a 
The  large  intestine  Is  much  more  frequently  the  seat  of  tumor-  tl 
small,  possibly  owing  to  the  solid   nature  of  the  contained  (ma 
longer  contact  with  the  intestinal  wall,  and  their  consequent  liability  lo 
irritate  the  mucous  membrane:  the  rectum  and  anus,  where  tin 

WHltrl  \k  miKt  at  work,  arc  6[>eeially  frequent  seats  uf  tl i;  i 

Various  chemical  irritants,  such   as   tar  and   paraffin,  may  give  rise  to 
epithelioma  in  the  skin  of  the  arms  of  workers  engaged   in    handling 
them  ;  and    -Hit  i-  apparently  the  exciting  cause  of  cancer  of  tl 
Him  in  .■liinm. y--".>.|i.. 

When    inflammation    is    produced   ami    maintained   experimentally 
for  long  periods,  ii    i-   found   that    the  |>cculiur  form  of  cell-d 
(Irregular  mitosis)  characteristic  of  tumors  tend   t.>  appear.       If  tbe 
inflammation  i-  allowed  to  sulfide,  these  are  again  n*pluced  by  normal 
mitotic  figures. 

On   the  other  hand,  the  frequency  with  which  instances  of  chronic 
irritation  occur,  and  the  relative  rarity  of  the  appearance  of  tumors  in 
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connection  witli  them,  render  it  certain  that  irritation  alone  cannot  I>e 
■  su  1H1  i.ut  cause  of  tumor-formation.  The  number  of  ulcers  of  the  leg, 
which  may  be  seen  every  day  at  a  surgical  out-patient  department,  with 
a  history  of  several  years'  duration,  is  alone  sufficient  proof  of  the  inade- 
quacy of  this  theory  l>y  itself  to  account  for  the  phenomena. 

3.  The  Parasitic  Theory. — The  endeavor  to  find  a  parasitic  organ- 
ism as  the  cause  of  malignant  growths  has  been  the  guiding  principle 
in  the  greater  pari  of  recent  research.  When  first  bacteria  were  recog- 
nised as  the  cause  of  a  numher  of  diseases,  several  organisms  were 
isolated,  each  'it'  which  was  claimed  by  its  discoverer  as  the  cause  of 
cancer.  None  of  them,  however,  stood  the  test  of  further  experience, 
Parasitic  protoxoa  were  next  brought  forward  as  the  agents  concerned. 
There  is  a  disease  of  the  rabbit  due  to  an  animal  parasite  (enreidimn 
■  [n  which  a  proliferation  of  the  lining  epithelium  of  the  bilc- 
dueis  occurs,  resembling  an  adenoma  in  appearance.  This  was  set  up 
a-  the  type  of  tumor-formation,  and  the  so-called  cancer-bodies  (p.  139) 
wen-  assigned  to  this  class  of  animalcules.  It  is  probable,  however, 
that  the  growth  in  the  bile-ducts  of  the  rabbit  is  inflammatory  in  ori- 
gin, and  is  analogous  to  certain  papillouiata  of  the  bladder  and  larynx 
which  are  produced  by  chronic  irritation.  The  Identification 
of  eaneer-bodiea  with  protozoa  is  not  now  supported  by  many  anthori- 
rii-,  and  champions  ,>|"  the  parasitic  theory  arc  in  favor  of  regarding 
those  peculiar  bodies  as  parasitic  yeasts  (!>/axl>ni}i/rrlr*).  I'limmer  has 
cultivated  from  caroinomata  a  fungus  which  is  capable,  when  injected 
peritonea]  cavity  of  animals,  of  causing  nodular  proliferations 
of  the  endothelial  cells  of  the  serous  membrane.  Schuellerand  Schmidt 
■Is  ■  .l.iiin  to  have  isolated  and  cultivated  specific  organisms  from  can- 
cers; Inn  their  researches  need  confirmation.  Doyen  has  isolated  a 
■  cue  which  he  calls  M.  neoformans,  and  believes  to  he  the  causal 
agent. 

It   may   he   pointed  out   in    favor  of  the   probability  of  a   parasitic 

I    malignant   growths  (1)  that  they  tend  to  occur  in  old  persons 

rather  than  in  the  young  or  adult,  just  as  parasites  attack  weakly  rather 

than   Strong  individuals;  and  (2)  that  the  dissemination  of  malignant 

secondary  growths,  by  blood-  and  lymph-channels,  hears  a  considerable 

re-einblance  to  the  spread  of  a  process  such  as  tuberculosis.      If  it  were 

satisfactorily   proved    that    the    peculiar   cancer-bodies   were    in    reality 

parasites,  which  occurred   only  in   this  disease,  a  fairly   strong  prima 

jurir  case  would  exisl   for  believing  in  this  theory.     This  proof  does 

not  yet  exist)  many  observers  holding  that  these  appearances  are  only 

masses  of  hyaline  material,  fragmented   nuclei,  leucocytes,  vacuoles,  or 

■  '1  cells. 

Against  the  theory,  on  general   grounds,  cogent  arguments  may  be 

urged.     ( I)  There  is  practically evidence — either  clinical  orex]ieri- 

HWDtaJ — Ot  infection   taking  place  between   different  individuals;  nor 

i:-r:i-r  appear  in  epidemic  or  endemic  toriii.      Instances  of  the 

ICC  of  cancer  in  several  successive  inmates  of  certain  houses  (can- 

oer-boa«s)  arc   not   proved   to   he    more   than    coincidences.      (2)  The 

method  of  spread  by  secondary  growths  when  closely  examined  is  unlike 
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that  in  any  known  infective  disease.  Thus,  a  parasite  might  set  up  irrita- 
tion in  the  tissues  with  which  it  came  into  contact,  and  thereby  cause 
proliferation  of  the  cells  affected.  It  might  thus  stimulate  either 
connective-tissue  cells  alone,  as  is  the  case  with  the  bacteria  causing 
inflammation,  or  it  might  cause  multiplication  of  the  essential  cells  of 
organs  attacked.  As  the  parasite  became  distributed  throughout  the 
body,  it  would  cause,  in  the  former  case,  connective-tissue  growths  in 
various  parts,  or,  in  the  latter,  growths  differing  according  to  the  organs 
invaded.  In  tumors,  on  the  contrary,  the  secondary  deposits  exactly 
resemble  the  primary  growth,  whatever  the  parts  may  be  in  which  they 
are  situated.  From  this  it  almost  certainly  follows  that  they  are  due 
to  embolism  by  fragments  of  the  original  growth.  Such  an  occurrence 
is  not  known  to  take  place  in  any  recognized  parasitic  disease.  (3) 
Further,  no  observer  has  applied  the  parasitic  theory  to  all  tumors 
alike,  nor  has  any  one  succeeded  in  finding  cancer-bodies  in  all  speci- 
mens of  cancer  examined.  The  parasitic  theory  is  not  at  the  present 
uphold  by  many  pathologists. 

4.  Theory  of  Altered  Tissue-Resistance. — It  has  been  suggested  that 
tumors  are  due  to  an  alteration  in  the  mutual  relations  of  tissues,  from 
which  it  results  that  one  kind  of  cell  overcomes  the  resistance  of  neigh- 
l>oring  parts  and  grows  more  luxuriantly.  Thus  it  is  said  that  in  old 
age  the  counective  tissues  suffer  from  depressed  vitality,  while  epithelium 
is  still  vigorous  :  hence  the  appearance  of  carcinomata  in  advanced  life. 
It  is  an  obvious  objection  that  sarcomata — connective-tissue  tumors — 
may  also  occur  in  old  age ;  and  that  senile  atrophy  of  the  more  highly 
differentiated  cells  is  generally  accompanied  by  an  increased  growth  of 
connective  tissue.  Rihbcrt  has,  on  the  other  hand,  suggested  that  car- 
cinoma is  due,  not  to  overgrowth  of  epithelial  cells,  but  to  upward 
spread  of  connective-tissue  masses,  whereby  clusters  of  epithelial  cells 
are  enclosed — the  latter  merely  pursuing  their  natural  process  of  devel- 
opment. The  appearance  of  secondary  deposits  seems  scarcely  explica- 
ble on  this  hypothesis. 

5.  Theory  of  Nervous  Influence. — It  has  been  suggested  that  the 
nervous  system  has  some  connection  with  the  origin  of  new-growth*. 
In  favor  of  such  connection  may  be  adduced  :  (1)  the  supposed  greater 
frequency  of  tumor-formation  in  man  and  the  higher  animals  than  in 
those  lower  in  the  scale — the  development  of  tumors  being  thus  pari 
pws.su  with  that  of  the  nervous  system  ;  (2)  the  absence  of  nerves  from 
tumors ;  (3)  the  facts  that  tumors  have  no  function  and  that  they  grow 
independently  of  the  other  parts  of  the  body,  often  flourishing  luxuri- 
antly while  the  rest  of  the  organism  is  much  emaciated — the  latter 
peculiarity  appearing  to  dc|>cnd  on  some  freedom  from  nervous  control. 
(4)  It  may  also  be  not<*d  that  the  growth  known  as  molluHimm  Jibrosum 
appears  definitely  connected  with  nerve  distribution,  and  that  alterations 
in  neighboring  nerve  trunks  have  been  found  in  certain  cases  of  sar- 
coma (Campana).  Cheatle  has  shown  that  in  many  instances  rodent 
ulcer  and  cutaneous  carcinoma  tend  to  appear  at  Head's  "maximum 
points"  of  nerve  distribution,  and  to  limit  their  extension  to  areas  sup- 
plied by  particular  nerves.     So  little  is  known,  however,  of  the  action 
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of  the  nervous  system  on  the  tissues  that  this  hypothesis  is  at  present 
somewhat  visionary. 

Conclusions. — From  the  preceding  considerations  it  seems  legitimate 
to  draw  the  following  conclusions  :  (1)  Some  tumors  arise  from  devel- 
opmental errors  or  cell-rests.  (2)  Other  tumors  owe  their  origin  to 
chronic  tissue-irritation.  (3)  It  is  possible,  but  not  proved,  that  the 
source  of  irritation  may  in  some  eases  l>e  a  parasitic  organism.  It 
remains  to  consider  whether  any  general  principle  can  lie  found  to  con- 
nect together  these  apparently  diverse  causes. 

It  is  well  known  that  chronic  irritation  of  tissues  is  accompanied  by 
continual  attempts  at  repair  on  the  part  of  the  tissues,  which  attempts 
are  constantly  interrupted  by  the  irritant.  In  other  words,  there  is 
irregular  cell-multiplication.  An  example  of  this  may  be  seen  at  the 
margin  of  a  chronic  ulcer.  Here  microscopical  examination  shows  that 
there  occur  masses  of  epithelial  cells  embedded  among  the  granulation- 
tissue,  and  cut  off  from  the  surface-epithelium  in  which  they  originated. 
It  requires  no  great  stretch  of  imagination  to  see  in  such  isolated  cells 
rudiments  of  potential  tumors,  analogous  to  the  developmental  "  rests  " 
which  are  recognized  as  the  other  great  source  of  new-growths.  If  this 
be  so,  tumors  may  be  said  to  originate  in  (/roups  of  cells  which  have 
become  severed  from  Uieir  natural  connections  in  the  oody,  whether  this  be 
the  result  of  developmental  errors  or  of  other  causes.  What  exactly  is 
implied  by  "  natural  connections "  requires  further  elucidation :  it  is 
possible  that  it  is  in  this  direction  that  we  may  look  for  the  action,  or 
failure  of  action,  of  the  nervous  system,  as  was  suggested  above. 

Certain  experiments  supply  facts  to  some  extent  favoring  this  sug- 
gested explanation  of  the  origin  of  tumors.  Thus  Birsch-Hirschfeld 
and  Garten  injected  emulsions  of  living  embryonic  cells  into  the  livers 
of  adult  animals,  and  found  that  in  some  cases  definite  tumor-like 
growths  resulted.  These,  however,  did  not  persist,  but  were  ultimately 
absorbed.  Further,  Lack  has  described  an  experiment  by  which  cells 
from  the  ovary  of  a  rabbit  were  set  free  in  its  peritoneal  cavity,  and 
as  the  result  of  this  a  definite  carcinomatous  mass  with  secondary 
growths  developed.  Taken  together,  these  experiments  apj>ear  (if  con- 
firmed) to  prove  that  free  embryonic  or  epithelial  cells  set  free  in  the 
tissues  may  form  tumors.  Further,  they  throw  some  light  on  the  pos- 
sible nature  of  the  difference  between  benign  and  malignant  growths. 
In  the  first-men tioned  serie^  of  experiments  it  was  found  that  only 
cells  from  young  embryos  were  capable  of  the  development  described  : 
those  from  more  advanced  foetuses  were  merely  absorbed  by  the  tissues. 
This  appears  to  indicate  that,  in  order  that  tumors  may  develop,  a  cer- 
tain relation  must  exist  l)etween  the  vigor  of  the  aberrant  cells  and 
that  of  the  surrounding  parts.  If  the  free  cells  are  vigorous  and  the 
tissues  comparatively  non-resistant,  a  rapidly  growing  tumor  will  result : 
this  will  infiltrate  surrounding  tissues,  and  portions  will  be  easily  carried 
away  to  form  secondary  deposits.  If,  on  the  other  hand,  the  tissues 
are  more  resistant,  the  invading  cells  will  grow  slowly  and  with  diffi- 
culty! and  there  will  be  time  for  a  capsule  of  connective  tissue  to  1m» 
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formed  around  them  :  the  tumor  will  then  Ik-  an  innocent  one.  a»  in 
case  of  an  implantation  cyst.     Should  the  resistance  of  tfefl 
subsequently  weakened,  innocent  growths  may  become  malignant,  a 
not  infrequently  seen  to  occur.     Finally,  if  the  resjatana 
is  sutficicnt,  any  cells  which  arc  accidentally  sit    free  in  absorbed  a 
not  permitted  to  establish  a  timting.     This  i-  presumably  the  ease  v 
the  majority  of  mankind,   who  arc  exposed   tn  the  cause  of  lumnr- 
formation    equally   witli   the  minority  who  develop   the  dia&Bf 
those  whose  li-sin-  are  nf  feeble  resisting  |Kiwcr  against  invading  cell- 
become  the  Bnbjecte  of  new-growths.    Simple  traumatism,  such  te  axnm, 

to  which  many  patients  attribute  (I rigin  of  their  troubl  . 

the  a^cnt  by  which  cells  are  torn  from  their  connections  and  tOmnd 
to  take  <m  iudejiendeiit  growth. 

Beard  lias  suggested  that  the  cells  which  go  :istray  an-  die  prituif- 
dial  germinal  cells,  formed  bv  die  chorion  and  bomologotM!  with  tin1 
Bpores  of  sporozoa.  One  of  these  cells  develops  into  the  icetus :  tUr 
others  are  enclosed  within  its  tissues,  making  their  way  t>  ■  the  ovar]  ■ 
testis,  as  the  case  may  he.  to  become  sperm-cells  or  germ-cells.  If  nrw 
of  these  cells  go  astray  and  fail  to  reach  the  proper  R  |  i 
it  may  lodge  elsewhere  and  devt  lop  into  a  tumor.  The  '"inn-,  oca  i  f 
sjMi'ial  mitoses  in  tumors  i-  in  harmony  with  this  theory  (Grunlnuni). 

Classification. —  In  <>ur  present   state  of  ij_'tior:ii do  Eatiataebn 

classification  of  tumors  is  possible.  The  one  here  adopted  is  laurd 
Upon  their  histological  characters.  Tumors  arising  from  m«wMurfeti> 
Mie-  are  arranged  in  three  groups  :  t\w  Jirnl,  rivcmliling  the  most  highly 

difierentiateil  tissues;  the  xecowf,  die  ordinary  ■ ectivc  Ussm 

the  third,  the  embryonic  (issues.  In  dealing  with  Inaiors  from  rfi- 
Mutfa  and  hypoblasts  tissues  the  same-order  is  followed. 

For  the  sake  of  convenience,  :ill  cysts  arc  j:rou]>ed  together  al  th* 
end  of  the  section  dealing  with  tumors— though  the  great  m 
cysts  arc  nut  new  growths. 


Clasbificatiok  op  Tuhobb. 

[,—T,,,,.-  »i   Higher  Rat 

Tvne  of  i 'I.-      Myoma. 

Type  of  wm- Neuron* 

T\  jn'  nf  IiIi»-1vp-si'1b  ....    Angioma. 

Typaof  lymphatic  mKli  Lymphangioma. 

I. —  Type  of  Fully  Dtvdoptd  Qmntctive  Timu*. 

Tvpe  of  fibrous  tiwiir l-'ilin.ma. 

Type  "I  in  iimd*  liwuie Myxoma, 

npi  "i  inlii-H"'  ii«.u.' ......  I.ijmma. 

Type  of  eiiriila«e  .        ....        .  Chondroma 

Type  ••!  bone Osteoma. 

III.—  Type  of  Embryanir  O vlin    J 

rimmot  Samoau 


IV.— Type  of  Epithelial  Turnm. 

Fnihloxt  f  PaP>llfe  °f  s'lin  or  mucous  membrane  .  Papilloma. 

™   j  I  ,.i     j  /  Adenoma. 

llJSl-  Wuu.ma. 

nypoonat  [  ptelal  membrane* Chorio^pithelioma. 

V. — Teratomata,  or  Congenital  Mixed  Tumors. 


MYOMA.' 

Myomata  are  tumors  consisting  of  muscular  tissue.  There  are  two 
varieties — rhabdomyoma  and  leiomyoma.     (Fig.  42.) 

1.  Ehabdomyomata  consist  of  striated  muscle  combined  with  varied 
but  generally  considerable  amounts  of  connective  tissue.  They  are 
congenital  and  very  rare.  The  kidney  and  testis  are  the  commonest 
sites.  The  striated  muscle-cells  in  congenital  growths  of  these  organs 
arc  probably  due  to  the  original  inclusion,  in  the  Wolffian  body,  of  cells 
from  the  adjacent  muscle-plates. 

2.  Leiomyomata  consist  of  non-striated  muscle-cells,  more  or  less 
isolated  or  grouped   into    fasciculi  of  various  sizes,   with  a  varying 


Fro.  42 


.nuing  In  ill  dirtc- 


(Hiantity  of  connective  tissue  and  bloodvessels  (Fig.  42).  The  mus- 
cular elements  cither  present  an  approximately  regular  arrangement, 
or  |kiss  in  all  direct  inns  through  the  tumor.  The  hi  ink!  vessels,  which 
usually  are  not  numerous,  arc  distributed  in  the  connective  tissue. 

Leiomyomata  are  most  frequent  in  the  uterus ;  they  also  occur  in 
the  prostate,  the  oesophagus,  the  stomach,  and  the  intestines.     They 
frequently  become   pedunculated  and    form   polypi.     They  are  much 
1  Greek  jivr,  a  muscle ;  M,?**,  ■  rod ;  Xt«"C,  emooth. 
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commoner  than   the  striated  growths,  and  are  probably  strictly  homol- 
ogous.    They  may  form  distinctly  eircuni.wcrilH.-d  tumors  .-urn  Hindu!  bj 
a  fibrous  capsule,  or  ill-defined  irregular  mnnrm  in  the  mid-. 
muscular  tissue  in  which  they  grow. 

The   most    frequent    secondary  change  which   mvomata   undergo  L* 
calrifientitm.      llaitorrltayt,  mucoid xo/lriiiii;/,  and  the  emiseqm  i 

tion  of  cysts  are  oocasionaUy  met  with ;  also  inflammation,  

and  TuxrtMur. 

Clinically,  myomata  are  benign  growths,  but  rare  instances  of  malig- 
nant leiomyomas  have  been  recorded. 

Myoma  of  Uterus. — The  uterus  is  by  far  the  most  frequent  semi 
of  myomata,  and  here  they  constitute  the  so-called  "  uterim  fti 
In  most  of  these  muscular  tumors  of  the  uterus  there  is  a  large  pn>- 
portion  of  connective  tissue — hence  the  terms  "fibroid"  and  Nflttw> 
myoma."  This  is  the  case  especially  in  older  growths.  Those  Mwtj 
developed,  on  the  other  hand,  consist  ahnost  entirely  of  true  inu-*'iilar 
tissue.  These  tumors  are  often  multiple.  They  either  form  firm,  Iwnl 
masses  embedded  in  the  uterine  walls,  or  project  into  the  uterine  hi 
abdominal  cavities,  thus  forming  the  intramural,  subperitoneal,  aud 
submucous  varieties.  When  projecting  into  the  uterus  they  mnwrtilflU 
a  common  fonn  of  uterine  polypus.  They  do  not  form  till  tttm 
pulierty,  and  are  commonest  in  elderly  sterile  females.  Their 
i^  nsoally  alow.  Pregnancy  causes  them  to  enlarge  rapidly,  and  the] 
undergo  Borne  involution  after  delivery.  They  generally  atrophj  il 
ttie  menopause.  The  older  ones  are  liable  to  become  calcified.  The] 
also  sometimes  undergo  mucoid  softening,  which  gives  rise  to  thr 
formation  of  cysts  in  their  interior  ;  or  they  may  be  the  seats  of  necro- 
sis and  suppuration. 

NEUROMA. 

Neuromata  arc   tumors  consisting  of  nerve-tissue,  and  arc 
the  rarest  of  Hw^grawtfaa. 

They  an'  usually  made  up  of  a  mass  of  ordinary  mcdullatcd  nerw 

they,  therefore,  resemble  tl erebrospinal  nerves  in  structure 

Virchiiw  has  also  described,  as  exceedingly  rare  formation-,  tuned 
composed  of  n  on -medulla  ted  fibres  and  of  ganglionic  ncrvi-ti--  at, 
Neuromata  arc  generally  small,  hard,  and  single  tumor-.  They  ahnyi 
originate  from  pre-existing  nerve-tissue,  which  fact  determines  their  iitft 
Clinically,  they  are  dcseriltcd  as  innocent,  painful,  ami  of  slow  growth. 

Recent     investigations    have    shown    dial    most    tumors,    formerly 
described    as    neuromata,   are    really    fibrous,    laity,    or    mj  tomatofli 
growths  occurring  in  connection  with  nerves,  and  m  distributed 
the  nerve-fibres  that  it  is  difficult  to  ascertain  whether  any  new  growl! 
of  nerve-tissue  has  occurred  other  than  elongation  of  the  pn  i  iiwtin| 
nerve-elements.     Most  of  the  small,  hard,  painful  tumors  occurring  ■ 
connection  with  nerve-  are  probably  fibromata.     Of  similar  oil 
the  pleziform  masses  liaind    In  the  ,-kin  and  subcutaneous  tia 
known  to  he  hereditary  (sec  p.  107). 
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Tin-  term  ttmpuiatiwncuroma  is  applied  to  (lie  bulbous  ends  of 
nerves  sometimes  found  in  stumps.  They  consist  of  fibrous  tissue  con- 
taining masses  of  rollcd-up  nerve-fibres — attempts  al  repair  rather  tlian 
tumors.  They  are  usually  connected  with  the  cicatricial  tissue  of  the 
.stumps. 

GLIOMAS 

Gliomata  are  tumors  composed  of  ncuroglia-t  issue.  The  cells  are 
similur  in  die  stellate  or  spider-shaped  cells  with  large  nuclei,  which 
normally  form  tins  tissue,  hut  tliey  may  be  so  packed  that  their  pro- 
ne wim  are  hidden  :  the  mtcroecopio  appearances  of  die  tumor  are,  taeve- 
1  unlike  those  of  a  round-veiled  sarcoma.  In  other  cases  die 
cell-  are  comparatively  few  and  their  processes  distinct,  so  that  their 
structure  resembles,  that  of  a  myxoma.  The  vessels  vary  in  nuiul>er 
and  size,  and  are  frequently  supported  in  fibrous  septa  derived  from 
the  pin  mater.  The  adventitia  of  the  vessels  is  generally  thickened 
and  may  often  undergo  hyaline  changes. 

Tii  the  naked  eye,  these  tumors  arc  of  almost  the  same  consistency  as 
the  brain— i  detain  ■>■,  I  mi  generally  of  a  grayer  color.  As  in  other  tumors, 
the  larger  die  proportion  of  cells  the  sutler  is  the  tumor.  Although 
glkfflMttU  grow  slowly,  they  are  not  eucapsuled  ;  and  although  they  pro- 
gressively infiltrate  tin-  tissues,  they  do  not  give  rise  to  secondary  growths 
unless  dicv  take  on  distinctly  sarcomatous  .structure. 

Among  the  secondary  changes  that  may  be  found  in  these  growths 
an:  small  hemorrhage*  into  their  substance  ;  they  may  also  undergo  fatty 
'linn  Hi-  I'l/Mic.  changes. 

Gliomata  originate  in  those  parts  which  are  outgrowths  of  embryonic 

■.-I sfoh /.c,  brain, spinal  cord,  optic  nerves,  retina,  and  ol&c- 

Iu  the  spinal  cord  the  tumor  grows  along  the  periependymal 
tissue  around  the  central  canal,  giving  rise,  as  its  cells  soften  and  break 
down,  to  the  condition  known  as  "  .*>/riiitji>miiclii>." 

Clinically,  these  growths  are  innocent,  though  they  may  occasionally 
become  sarcomatous. 

ANGIOMA.' 

Angiomata — called  also  "  ha'inanginmata,"  to  distinguish  lliem 
from  Ivmphangiomata — consist  of  bloodvessels  held  together  by  a 
small  amount  of  connective  tissue. 

Thcv  may  be  divided  into  two  varieties,  ( 1 )  simple  or  iiiin'/lart/angib- 
umla,  made  up  of  new  vessels  roughly  resembling  ordinary  bloodvessels; 
and  (2)  fiivrriKiitM  angiomata, consisting  of  a  cavernous  structure  similar 
to  lliat  of  the  corpus  oavcrnosum  of  the  penis. 

1.  Capillary  Angiomata. — These  tumors  consist  of  a  mass  of  blood- 
including  artciic-,  veins,  and  capillaries  in  various  proportions, 
boond  together  by  "a  small  quantity  of  connective  tissue  and  fat.  The 
lumen  of  the  vessels  m.iv  Ik-  cylindrical,  sacculated,  or  fusiform.  The 
thickness  of  the  walls  varies,  those  of  the  capillaries  being  often  much 
thicker  than  is  usual  in  normal  vessels  (Fig,  43). 

1  Greek  y'.in,  glue.  *  Greek  ayynov,  a  vemel. 
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These  growths  occur  principally  in  the  skin  and  subcutaneous  tissue : 
in  the  former,  they  give  rise  to  the  common  cutaneous  need,  and  the  so- 
called  port-wine  stains  or  mother'*  marks ;  in  Uie  latter,  they  form  soft, 
spongy  tumors  imparting  a  bluish  color  to  the  overlying  akin.     They 


ure  pmlwbly  always  congenital,  though  they  may  not  be  noticed  for  a 
lew  weeks  after  birth. 

Capillary  angiomata  are  "Hen  iimiliined  with  other  growths,  such  as 
lipoma,  glioma,  or  sarcoma.  Sometimes  cysts  containing  altered  blood 
form  iu  them  :  these  are  pmltahly  due  to  hemorrhage. 

2.  Cavernous  angiomata  are  made  up  of  irregular  fibrous  alveoli, 
which  communicate  freely  with  one  another,  and  are  lined  with  an 
endothelium  similar  to  tluit  of  the  veins  (Fig.  44).  These  spaces  are 
ilisleiul.il  with  hlnod,  which  is  supplied  to  them  by  numerous  tortuous 
vessels  and  circulates  with  varying  degrees  of  rapidity.  The  arteries 
open  directly  into  the  spaces.  Tlie*o  growths  are  commonly  of  a  bluish 
color,  and  may  In*  diffuse  or  form  distinctly  circumscribed  tumors, 
sometimes  exhibiting  distinct  pulsation.  Their-  favorite  seat  is  the  skin 
and  subcutaneous  tissue  :  but  they  may  also  occur  in  die  orbit,  muscles, 
liver,  spleen,  and  kidneys.  They  may  develop  by  dilatation  of  the 
vessels  of  a  simple  angioma.  They  may  In'  congenital ;  but  in  the 
liver  Ziegler  thinks  they  develop  after  middle  age.  when  the  cells  begin 
to  atrophv. 

Cirsoid  Aneurism. — Tins  t.rm  is  applied  (o  a  change  in  the  arteries 
of  an  area,  especially  on  the  head,  by  which  they  become  dilated,  greatly 
elongated,  and  tortnoir*  :  it  is  doubtful  if  new  vessels  are  formed.  Some 
cirsoid  aufuri-iiH  an-  congenital  :  others  follow  injuries. 

Angiomata — both  capillary  and  cavernou- — are  frequently  (bund  in 
the  neighborhood  of  embryonic  clefts — either  facial  or  branchial — as  well 
as  at  the  orifice  of  the  urethra  iwv:A.-n.'  nr^incM.  In  other  cases  their 
position  seems  to  correspond  with  tn-rvc  distribution :  thus,  cutaneous 
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attgiomata  (imfw)  may  be  found  limited  to  the  area  of  distribution  ot 
DM  branch  of  the  fifth  nerve.  In  a  large  number  of  cases,  however, 
lie  position  of  angiomata  does  not  conform  to  either  of  these  rules. 
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:».       iBoyd.l 

A riling  lo  Thorua,  (lit1  formation  of  the  new  vessels  is  dependent 

upon  variations  in  the  relationship  which  the  intravascular  pressure 
wars  to  the  normal  pressure  exerted  on  the  vessels  by  the  tissue  oon- 
oerm-d.  He  further  points  out  that  when  the  different  orifices  of  the 
'*o«l\-  ar(?  l>eing  formed  various  internal  parts  become  external,  and  nee 
•Wan.  In  this  way  the  relative  pressure  in  different  parte  is  liable  to 
°mriderable  alteration,  and  local  growths  of  new  vessels  may,  according 

'■"   Tli a'.-  hvjMiilt.-~is,  easily  occur.     The  same  observer  has  shown 

"•at  in  fatal  life  the  growth  of  the  section  of  a  vessel  is  proportionate 
'"  the  rate  of  Bow  through  it,  and  that  the  lumen  of  the  new  vessels 
*"'ll  be  large  or  small  accordingly. 

EVaree  Gould  considers   that  in  many  cases  varicose  veins  are  of  the 
■^ture  of  angiotnata. 

LYMPHANGIOMA. 

Lymphangiomata  are  tumors  consisting  of  abnormally  large  lym- 

l'";n  ii-  vessels.     It  is  doubtful  how  much  of  the  growth  is  due  to  simple 

''u;it;irinii    ;nid    how   much    to    new    formation   of   lymphatic    vessels. 

^ricrtly    speaking,    very    few    lymphangiomata   are    "tumors."     The 

;ire  the  same  us  those  of  angioma — capillary  and  cavernous. 

-\  xvlii.n  .if  the   latter  would   -.-lively  Itc  distinguishable  from  one  of 

avemons  nevus  (Fig.  44),  except  by  the  contents  of  the  spaces.     There 

W  generally  fat  in  the  stroma. 
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Eat-h  kind  may  be  congenital  or  acquired.      Conga 
are  found   in  the  tongue  (uiacroglossia),  li}>  (maerocheilia),  and   labium, 
earning  hypertrophy  of  the  parte.     They  are  also  round  in  otJ 
(if  tbe  skin. 

Acquired  dilatation  of  lymphatics  is  found  in  the  >kin  and 
neon  tissue,  eapeouUly  of  the  thigh  and  thorax.     In  this  waj 
;i-  huge  u  an  orange  nay  !»•  formed  in  tbe  subcutaneous  tuwoc.     Dtt> 
genu*  loss  of  lymph   may  occur  from   rupture  of  one  of  il" 
Filnnid  thickening  may  take  place  in  the  parts  from  which  the  lym- 
phatics pan  to  tin.-  tumor,  which  in  (lie  skin  may  assume  the  app 
of  a  wart. 


FIBROMA. 

Fibromata  or  turners  consisting  of  fibrous  tissue. 

The  fibres,  which  constitute  the  chief  part  of  the  growth,  are  either 
loosely  or  densely  packed,  and  are  arranged  in  intersecting  bundle,  of 
various  suet  or  in  whorls  around  the  bloodvessels  (Fur.  46) :  in  many 
caeee  no  definite  arrangement  is  recognizable  Yellow  elastii 
Wiy  rarely  met  with. 


Mtirou*  luw'ir  RW 


Tbe  cells,  like  those  of  normal  fibrous  tissues,  are  generally  few  in 
number,  and  are  u-uallv  most  abundant  around  the  vessels, 
minute,  spindle-shaped,  fusiform,  or  stellate  bodies,  with  proa 
varying  length,  which  communicate  with  similar  processes  from  neigh- 
boring cells.  Tbe  cells  vary  in  size  and  number  with  tlw  rapidity  and 
age  "t  growth — the  slower  and  older  the  growth,  the  denser  the  tkaae, 
and  the  flatter  and  Use  numerous  the  o&Ua. 

Fibromata    usually    contain    but    few    bloodvessels.      In    [In 

growths,    however,    these   are   often    more    numerous,  and    J    I 

important    constituent  of  the  tumor  {jihnm\<\    ff/eiinifii 
jtpromo).      Dilated    veins    sometimes    form    a    cavernous    network,    lbs 
walls  of  which  are  firmly  united   to  the  tissue  of  the  tumor,  hi  that   if 
divided  or  ruptured  they  are  unnhle  to  retract  or  mllnp*e,  and   prol'usr 
hemorrhage  may  ensue  {fimma  CBWrnPWnw). 
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l':irti:ll  miintUI.  xuftmlmj  mid  crilrtlirtttitm  arc  tin-  most  common 
secondary  clianges  ;  uwijiratimt  take-  place  in  fibromata  springing  from 
limit'.  TJlveralion  also  sometimes  occurs  in  those  growths  which  are 
situated  in  the  skin  and  submucous  tissues. 

Fibromata  originate  from  connective  tissue,  from  the  cutis  or  sub- 
cutaueous  tissue,  from  submucous  or  subserous  tissue,  from  facia, 
from  periosteum,  from  neurilemma,  or  from  the  connective  tissue  of 
organs. 

Clinically,  obiomata  arc  perfectly  innocent :  they  grow  slowly,  and 
do  not  recur  after  removal. 

Fibromata  are  generally  divided  into  two  varieties,  aqfl  anil  hard) 
corresponding  to,  and  usually  originating  from,  the  loose  anil  dense 
varieties  of  ordinary  connective  tissue  respectively. 

1.  Soft  Fibromata. — These  consist  of  the  looser  and  less  dense  form 
of  fibrous  tissue.  They  are  met  with  as  diffuse  growths  in  the  subcu- 
taneous and  submucous  tissues.  In  the  former  situation  they  often 
form  large  pedunculated  and  noti-encnpsulod  tumors,  which  are  com- 
monly known  as  wens.  These  are  sometimes  multiple.  An  extensive 
thickening  of  the  skin  and  subcutaneous  tissue  over  one  or  more  limbs 
sometimes  occurs,  producing  huge  masse-  which  hang  down  from  the 
thighs,  buttocks,  and  other  pails  (eUphantoid  fibroma). 

In  addition  to  these  diffuse  growths,  more  circumscribed  and  encap- 
suled  fibrous  tumors  of  the  soft  variety  are  occasionally  met  with, 
growing  from  the  scalp,  scrotum,  labium,  intermuscular  septa,  or  other 
situations. 

2.  Hard  Fibromata. — These  are  composed  of  dense  fibrous  tissue  like 
that   in  tendons.      They  are  firm,  hard,  encnpsulcd  tumors,  presenting 

■  ii  section  a  grayish-white,  glistening,  fibrous  appearance.  These 
tumors  often  occur  in  connection  with  bene — especially  the  upper  and 
lower  jaws — originating  either  in  the  centre  of  the  bone  or  in  the  peri- 
osteum. Growing  from  the  periosteum  of  the  alveolus  they  constitute 
simple  fibrous  epulis.  They  arc  also  met  with  in  the  nasopharynx, 
springing  from  the  front  of  the  spine,  or  from  the  base  of  the  skull. 
In  these  firm  fibrous  growths  the  veins  may  form  cavernous  spaces, 

Borne  old  tumors  of  the  uterus  are  almost  pure  fibromata  ;  but  the 
BO-ttkUrad  uterine  "  fibroids"  are  in  most  eases  local  overgrowths  of  the 
Gary  muscular  tissue  of  the  organ  (p.  102). 

Tumors  consisting  mainly  of  hard  or  soft  fibrous  tissue  are  fre- 
quently met  with  in  the  breast  ;  but  in  tins  situation  they  always 
OODtain  at  least  a  few  foci  of  proliferated  gland-tissue,  and  are  generally 
described  bs  adawfibromata  (p.  132). 

Warta  (p.  129)  and  »wri  (p.  1(14)  are  sometimes  classed  as  fibro- 
mata. 

Neurofibromata  {F'llxr  Xriiromntn). — These  hard  fibrous  tumors 
[Gently  occur  in  connection  with  the  superficial  nerves.  They 
grow  from  the  perineurium  and  eudoneurinm,  and  as  they  increase  in 
size  the  nerve-til ire>  become  expanded  over  or  buried  in  them.  They 
are  very  firm,  rounded  tumors,  and  arc  frequently  multiple  and  heredi- 
tary*.     The  function  of  the  nerve-  is  not  necessarily  affected. 
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Small  wart-like  projections  fn>m  [he  ftlcin,  nooMfftin 
(issue,  grow  in  connection  with  the  BUeaUis  of  cutaneous  Den 
Recklinghausen},  und  are  known  m  moAiueum  fibromtn,     They  are 
probably,  therefore,  nenrofibroniata. 

Fibropsanunomata.' —  These    are    soft    fibrous    growths    cot 
largo  numbers  of  concentrically   laiuinati-d   ealcarcou- 
dcscribod  as  enrjxtra  taru/Jactft  (p.  74).     They  give  rise  i"  the  »i-calM 
"  brain  sand" — lien™  the  name  of  the  growth. 

I 'si  in  mom  hi  a  grow  from  the  pineal  gland,  the  membranes  of  tlw 
bmin,  or  ilie  choroid  plexus.  In  the  last-named  structure  a  psauimnm 
often  contains  ntunerooa  cysts.  Such  growths  are  <il*  no  pathological 
Importance  except  whan  of  sufficiently  large  size  to  produce  symptom* 
by  prcunUfO. 

Cheloid.- — The  peonliar  formation  known  as  Cheloid   beai 
rc-cmblancc  to  a  minor,      ll  is,  however,  more  probably  the  I 
u  chronic  inflammatory  process.     The  growths  occur  as  hypertropaai 
niiis-c-  iif  scar-tissue,  starting  from   natural   wars   left   after   wound-. 
•specially   when   the   incision  does   not  correspond    with   the    natural 

"tinea  of  cleavage"  of  the  skin.     They  may  attaii nsiderable  >i*<- 

and  give  rise  to  much  disfigurement.     So-called  "  spontaneous  chchuds  " 
probably  originate  in  slight  injuries  which  arc  overlooked. 

MYXOMA.' 

Myxwnattt  consist  of  mucous  tissue — i.  r.,  a  fragile  c .iht  h--  i 

Of  which   thu  intercellular  substance  is  translucent,  homogeneous,  «Ml] 
jelly-like,   containing    much   fluid,   anil 
Kiu.46.                          yielding    mucin.      Physiologies. 
tissue  is  met  with  in  (In 
the  eye,  in  which  the  .ills  arc  roundish 
and  isolated  ;  and  in  the  umbUieai  nwrf. 
in  which  the  cells  arc  fusiform  nr  sttl- 
latc,  and  give  off  title  anast mag  pro- 
longations.    AM    embryonic  connective 
tissue,    especially    that    which     miff 
latently    become-    adipo-c,     pa     i 
intercellular  substance  containing    much 
mucin.      New   formation!,  may    undergo 
mucoid   degeneration,  and    [ho 
resemble   myxunmta    in    their    pirjajfaal 
and  chemical  characters  ;  hut  a  myxoma 
consists  of  mucous  ti--uc  from  the  firrt. 
Myxomatu   an-  thus   very  closely  allied 

t"    HBTC ala.  mid    by    many    an-    incluilcd    in    the   same   class  of  new 

formations.     An  citleiniitnus   fibroma  or   lijxuna    closely   resell 
myxoma  or  myxolipoma. 

Hinwk  M^MC,aukL  '(lirek  .v^<n,*fUw.  'Greek /ii^a,  *tinw. 
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Structure. — Tin-  majority  of  the  *:t--1ts  are  angular  am!  stellate,  with 
long  anastomosing  prolongations;  others  are  isolated,  and  fusiform,  oval, 
«t  spherical  in  shape  (Fig,  46).  Their  contour  is  very  indistinct, 
owing  tn  the  refractive  nature  of  the  intercellular  substance.  The 
fetter  is  vTv  abundant,  perfectly  homogeneous,  soft,  gelatinous,  viscid, 
and  yields  large  quantities  of  mucin  :  in  it  are  a  varying  number  of 
smcelwiid  cells.  Bloodvessels  are  not  numerous,  nnd  are  readily  visible 
and  easily  isolated.  A  few  elastic  fibres  are  sometimes  seen  between 
the  <vlls. 

To  the  naked  eye,  myxomata  are  of  a  peculiar  sole  gelatinous  <-on- 
-i-i'iici'.  and  of  a  pule  grayish  or  reddish-white  color.  Their  cut 
Wirfeflfl  yields  a  tenacious  mucilaginous  lii]iiid,  in  which  may  be  seen 
the  cellular  elements  of  die  growth.  They  are  usually  separated  from 
the  surrounding  structure*  by  B  very  thin  fibrous  capsule.  Fine  pro- 
longations extend  from  this  into  the  growth,  dividing  it  into  lobules 
of  various  sites.  In  exceptional  cases  a  myxoma  may  increase  by  the 
continuous  invasion  of  the  surrounding  tissues. 

Arming  the  secondary  changes  the  most  common  are  rupture  of  the 
capillaries,  kanorrhngtt  and  the  formation  of  Moorf-vi/st* ;  these,  how- 
ever, arc  less  frequent  than  in  sarcomata.  The  cells  themselves  may 
undergo  mm-oiii  or  fully  iIi-1/nn-nilhn,  and  thus  be  destroyed  :  this  is 
usually  accompanied  by  liquefaction  of  the  intercellular  substance. 
lie     -Kuan   is  liable  to  lufiniiumitlon,  ulceration,  and  necronU, 

The  varieties  of  myxoma  depend  principally  upon  its  combination 
with  other  growths ;  a  pure  myxoma  is  very  unusual.  The  most 
common  combination  is  a  myxolijioina.  Combinations  with  .sarcoma, 
EbttHna,  chondroma,  and  adenoma  are  also  met  with. 

M\  Miinata  originate  from  ronii>:ctire  tissue,  and  are  most  common  in 

suln'otaTieous  and  subserous  lat,  and  in  submucous  and   intermuscular 

I  liiv  also  grow  from  the  periosteum  and  medulla  of  bone,  from 

tlie  connective  tissue  of  organs  (es)iccially  tlie  breast),  and  from  theperi- 

of  nerves,  forming  one  variety  of  false  neuromata.    They  may 

grow  from  the  placenta,  constituting  the   so-called  "uterine  hydatids." 

VVbeD  situated  in  superficial  parts  they  may  become  pedunculated. 
They  ore  nsuolly  said  to  constitute  one  form  of  nasal  polypus;  these 
growths,  however,  most  frequently  result  from  chronic  catarrh,  and 
arc  inflammatory  overgrowths  rather  than  true  tumors.  In  the  skin 
myxomata  are  often  papillary. 

Clinically,  myxomata  occur  chiefly  after  midlife,  and  arc,  for  the 
rt,  benign.  Their  growth  is  usually  slow,  but  they  may  attain 
u  enannoas  size.  If  completely  removed  they  rarely  recur.  Some- 
times, however,  they  recur  locally  after  removal,  but  they  probably 
never  reproduce  themselves  in  internal  organs.  In  speaking  of  their 
malignancy,  their  occasional  association  with  sarcomata  must  be  borne 
in  mind. 


LIPOMA.' 

A  lipoma,  or  fatty  tumor,  is  a  localized  and  circumscribed  format** 
»f  Hit. 

Lipoma ta  resemble  in  their  structure  adipose,  tissue  (Fig.  47).    They 
eonsist  of  cells  containing  lilt,  and  a  variable  quantity  of  eomin 
lieetive    tissue.       'I'lie    ■■ell-    ore     like    those    of    adipose    ttMKH, 
usually   somewhat    larger.      The  nucleus  and   protoplasm   are 
pTCBBed   against    (lie  eell-wall   by  the  lluid  iimti  ul-  that  tln'v  art-  read  if* 
visible  only  when  the   cell    is  atrophied  and   contains  kea   Ed  i  Fig '■'. 

1).  41).     More  or  less  connective  tissue  unites  the  cells  bto  n 
□bake  which  are  larger  than  in  normal  adipose  tissue,  and  EonMn 
most  cases  around  the  tumor  a  tbin  capsulr 

*-!<■■  1 " ■  more  firmly  adherent  to  -hit ding  para 

than  to  the  tumor,  so  thai  the  latter  nefli 
out  easily.  Bloodvessels  are  distributed1  ■ 
the  fibrous  septa.  M noons  tissue  is  often 
associated  with  the  fatty  (itiii.ru/ifx/imi). 

To  the  naked  eye,    lipomata  are   montf 
less  lobuiatcd,  and   usually  surrounded  by  1 
film  .us  capsule.      When    Buboutaoooe 
move  freely  over  the  deep  fascia  i  bat  oAbi 
the  attempt    to    raise    the   skin    from  thxn 
causes   it    to  dimple,   showing   thai    •'■ 
adherent  to  it.      On  section,  they  prOMBl  eV 
ordinary  appearance  of  adipose  hi 
more  or  less  dense  fibrous  septa  between  the  lobules.     Their  con 
and  their  adhesion  to  the  capsule  vary  with  the  amount  of  fibrous  tis- 
sue  which   they   contain.      In    their   growth   they   occasionally    Im-onii- 
|ieduueulnliil. 

Secondary  changes  in  lipomata  are  nol  common;  their  fibrous  iMlpU 
may,  however,  become  caleijttfl,  or  even   omijinl.      Softening  may  occur 

occasional  h   fr niH<*.iV/c,l ge.      Tufa  initiation  is  mre;   but  w\ 

are  large  and  situated    in   the  suIhmiuuicous  tissue  the  skin  over  than 
maj   beoome  adherent,  and  ulceration   and   wei-rows  of  the   tumor  occur. 
The  chief  varieties   arc  jihrotii>miuita,   in  winch  the  fibrous  tj 

■  and  myxolipoma  ta,  or  combination  of  mucous  with  faitv 
tissue,  and  navo-lipomnta,  in  which  an  angiomatus  development  of  v<>- 
■ata  i-  asen.      Pot  Spotaroona,  set  p.  I  If*. 

Lipomata  originate  from  .■•„.„, ,■///■,  tutmit,  and  their  possible  distri- 
bution is  almost  coextensive  with  that  of  adipose  and  connective  tiasne. 
Tliev  PK'eitr   most    frequently    in    the    MihcutHiieous   tissue  of  the  trunk. 

especially  of  the  back  ami  al>doniina]  wall  ;  m itimee  in  mtennu-eular 

septa,  subsynovial   and   subserous   tissues  ;   ami    occasionally  also  in  me 
■UMUWOIU  tissue  of  the  stomach  and   intestines,  and  even  i: 
organs  where  then-  i^  normally  no  fat. 

1  tircck  '"-fr,  fat. 
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Clinically,  lipoma  tn  are  quite  innocent  ;  they  grow  slowly,  but  may 
attain  :i  huge  HUM;  they  are  usually  single,  but  are  not  infrequently 
multiple  and  hereditary.  Sometimes  they  change  their  position  con- 
siderably, presumably  from  the  influence  of  gravity.  However 
emaciated  the  individual  may  become,  the  fat  of  a  lipoma  is  hut 
s-lightly  diminished,  and  never  under  any  circiim  stances  disappears, 

CHONDROMA.' 

A  chondroma  is  a  tumor  compoBed  of  cartilage. 

In  minute  structure  these  tumors  consist  of  cells  and  of  inter- 
cellular substance,  both  of  which  present  all  the  variations  observed  in 
Mnnal  cartilage.  The  IiitcwHiiliti-  xithxtiniec  may  be  hyaline,  fibrous,  or 
mucoid.  When  fibrous,  the  fibres  may  lie  arranged  like  those  "f  fibro- 
eurtihige,  or  more  or  less  concentrically  around  the  cells,  as  in  ihr 
ret  it uliir  cartilages  of  the  car  and  larynx.  The  fibres  may  be  distinct 
or  hardly  perceptible.  When  hyaline  or  mucoid,  the  intercellular  sub- 
-;.io.  i  i-  sometimes  quite  soft  in  consistence.  The  cells  may  lie  round, 
fusiform,  or  stellate,  and  numerous  or  lew,  in  proportion  to  the  matrix. 
In  the  fibrous  form  they  are  often  small,  and  somewhat,  like  those  of 
connective  tissue;  in  the  hyaline  forms  they  are  usually  large,  and 
round  or  oval  (Fig.  4!t) ;  and  in  the  rarer  mucoid  forms  they  are  more 
commonly  stellate  and  branched,  like  I  lie-  transitional  cells  at  the  edge 
of  articular  cartilages  where  the  synovial   membrane  ends.     The  cells 


""  zmt&jti  &£i&'*?tf&r- 


resembling 


occur  singly  or  are  arranged  in  groups,  and  are  usually  surrounded  by  a 
capsule,  as  in  normal  cartilage,  although  this  is  often  very  indistinct, 
A  cell  possesses  one  or  more  nuclei  surrounded  by  granular  protoplasm  ; 
sometimes  a  cell-wall  cannot  lie  distinguished. 

To  tin'  naked  eye,   the   marr   n/mrfi/  grotc'tiiy   chondromata  are  hard 
or  slightly  elastic  tumors,  smooth  or  lobulated,  and  seldom  exceeding 
"fan  orange.     They  are  encapsuled,  and  consist  either  of  a 
■Greek  t"i'V",  cartilage. 
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single  tumor  or  of  several  smaller  masses  held  together  by  fibrou* 
tissue  in  which  the  few  bloodvessels  run.  On  section,  du 
the  appearance  and  consistency  of  cartilage,  frequent!)  modified  bj 
one  or  other  of  the  secondary  changes  mentioned  above.  The  appear- 
ances may  be  those  of  n  fibroma,  the  cartilage-cell-  being  imnoaf- 
nizahle  without  the  aid  of  the  microscope. 

The  more  rapid!;/  groiehuj  forms,  such  as  often  start  froflo  tj 
bones  or  ribs — myxochondromata,  osteochondroma  la  and  ehondmsar- 
coruata — are  much  larger,  softer,  and  more  vascular,  and  never  pnaaaj 
the  appearance  of  pore  cartilage  :  only  a  few  islets  at  moat  will  !*■  di- 
tinct  in  the  soft  grayish  tissue,  which  is  not  separated  by  any  oaganh 
from  the  adjacent  (banes. 

Onkifiraiion  is  the  most  common  secondary  change.      It  atli-ei.-  with 
peculiar  frequency  the  largest  group  of  climidmmani — those 
phalanges  and  metacarpal  lioncs  of  the  hand-.      Ii  spreads  from  many 
centres,  commencing   in    tlie  capsules,  and  then  involving  tin 
lular  substance.      Uimijtealiim  is  especially  frequent  in  cltomtmnJal 
grow    rn-ar   the  junction   of   the    epiphyses   and   shafts  of    long    hflsaf 
(Fig.    is).     These  ossify  as  ihcy  grow  and   form   pedunctdatud  saw- 


The  c-onnnon   subungual   ea 
--it"\  mg  fibroma,  chondroma,  iM 
lion    MX 
Kio.  f.< 


of  (he  great  tne  i-  general  h 
hondriinia.  Fati) 
■oid  softening  are  DOCBBMi 
changes,  and  may  lend  to  the  E 
of  large  softened  masses  wbieh  present 
the  appearance  of  cysts.  In  rare  cam  ibe 
skin  covering  the  tumor  ulcerates,  awl 
a  fimgaling  mass  protrudes. 

The  varieties  of  chondroma  depend 
upon  the  nature  of  the  intercellular  mo- 
st  ■'-,  mid  arc,   therefore,  fibrous,  hyaliw, 

and    mucoid  :     these     are     often    combinni 
in    ihe    name    tninor.     As    a     rtllt 
originating  from   the  niedulla  of  bone  sre 
it  class,  whilst   those  originating  Irnai  i 
ins  are  more  frequently  fibrous.     The  rapidly 
pproach  very  closely  In,  and  merge  with,  the 
),    while    the    mucoid    forma    resemble  tbr 
'.)  ;   ami    Ibese    two    kinds  of    growth   in* 
tumor.      Chondromata  are  rarely  honiol»- 


HjtHoe  chondroma      K  -W. 

of  the  hyaline  and  miwo 

live  tissue  in  oilier  silual 
growing  fibrous  fbnna  . 
sarcomata   \>-h<nuh 

mvx aia  [mjfiroe/wtvtr 

often  awwcwUcd  in  Itu 

gnus  iii  the  strict  sens*'   (p.   *!>),  and  when  associated  with    - 

are  malignant. 

A  variety  of  chondroma  has  been  di-scrilied  under  the  name  of  (Mls> 
rlioHili-imtu,  which  in  structure  more  closely  resembles  l»nw  I  hair  i 
It  consist*  of  a  tissue  similar   to  thai   met  with  between  the  perinsUSUfl 
and  lione  in  rickets,  which,  from    its  rcsctublance    hi  osseous,  I 
called  mtmitf  tissue.      This  only  requires  calcitS  iug  to  I h -come  ti  I 
hike  Ume,  it  is  made  up  of  Inilsriihe  and    medullary  spaces  ;  but   the 
tral>ccuhc,  instead  of  being  Ibniu-d  of  lionc-corpnscle*  and  lam 
sisl  of  small  angular  cells  without    a   capsule,  situated    in   an 
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Sbrillated  matrix,  which  in  part  i-  euleih'ed.  The  medullar;  spaces 
mntata  a  Rlmiun  stroma  and  many  bloodvessels.  Osteochondrnmata, 
although  <7<in>isliiiir  mainly  of  this  osteoid  lisstic,  contain  also  a  small 
proportion  of  cartilage.  They  originate  lienealh  the  perioHteum,  their 
crammon  noal  bring  the  ends  of  the  lung  liones.  Their  growth  is  very 
ra|iid,  and  ihry  often  allain  an  eiiornnins  si/.e.     They  arc  much  more 


lit  ill    mlngli-d    1m. ny  I   1-anilitiiituilu  tirwui1 

m  Dent1*    skiwmu  fay  Mt. awlatea,   %  n«t. 

ippltcd  with  HrMKl vessels  tlmn   the  ordinary  ehondromata,  ami 
.  .    in    itmeh  less  Irenuently  the  seals  of  retrogressive  changes. 

They  are  e>|wi'i:illv  |tmiu-  to  b c  ossified,  and    l<>  be   thus  eonverted 

into  true  bone. 

t.'homlroninta  most  IVe<]iient]y  originate /rom  i-imimmt  vuniitvtiut :tmue 
,  luAomtromoia),  uwl  wily  i-iifi-li/jVum  < « rlitayr  (errhonilramaUi). 


1 1  4  TUMORS. 

About    Ihree-f mirths  of  them  start    in   connection  with    bones,  growing 
either  Mtlrtilti/  or  tubperiodeatttf,    Their  favorite  scuts  are  lb    I 
the  fingers  (Fig.  50)  and  toes,  (lie  lower  end  of  the  femur  ami  the  upper 
ends  of  the  humerus  and  tibia.     Much  lees  often,  the  ribs  and  the  tun- 
Ume  are  attacked.      Virchow  has  shown  thai    island-  of  earn: 
uncommonly  remain    in    the  shafts  of  bones ;   and   it   is  probal 
ninny  chondromata  spring  from  Booh  islands  (p.  95).     The  tumors  gen- 
erally begin  before  the  ossification  nf  ihe  epiphyses,  whilst    the  bout  >• 
actively  growing  and  vascular.     Mo*t  of  the  remaining  fourth  '»nir,  in 
combination    with    other    tissue-elements,    as   "mixed    tumors'*    in   tlv 
!«' mi  ill  -,\u<\  tmtide,     Cohuheim  suggests,  as  the  source  of  cartilage  ■ 
the  parotid,  an  aberrant  bii  of  the  rudiment  of  the  jaw ;  Virchow,  * 
piece  of  the  pinna.      In  the  testis  a  portion  of  die  rudiment  of  a  verte- 
bra may  have  l>cen  included.    The  intermuscular  septa,  the  subcutamtm 
tis-iii-  nf  the  breast,  and  the  lungs  arc  ooeaaioDaJ  seats. 

eimiidroiuata  arc  sometime-  sc<ti  on  the  surface  of  the  articular  oar* 
tilages,  in  the  larynx  and  trachea,  and  on  the  costal  and   inn  a  ■■ 
cartilages.      They  arc  simply  local  overgrowths  of  hyaline  cartilage. 

Clinically,  chondromata  arc  for  the  most  part  innocent  •,. 
Tbcy  arc  usually  single,  except  when  occurring  on  the  fingers  ami  ton, 
in  wliicb  situation  they  arc  more  frequently  multiple.  Th. 
growths  of  the  phalanges  and  metacarpal  bones  occur  in  children.  Of 
before  ossification  is  complete  :  the  graver,  «nl>j>rrirmtru/,  forms  are  com- 
moner later  on.  Chondromata  tend  to  stop  growing  idiout  the  time  of 
puberty — probably  when  the  epiphyses  themselves  oease  to  grow. 

OSTEOMA1 

Osteoma  ta  are  tumors  consisting .  if  bone,  either  oompaol  or  canotfiona 

Osteomata  are  the  result  of  the  ossification  of  neicVi/  formed 
live  lixKite  other  than  of  inflammatory  origin.     They  must    be  clcar-lv 
distinguished  (1)  from  the  simple  anxijirntim,  of   Horma/li/  exuding  tijurur* 
— t. g.,  costal,  laryngeal,  or  bronchial  cartilages,  whole  uiu.-ele-  (myoaXi 
oaa^Eoaiw),  insertions  of  muscles  (riser's  hour  in   the  adductor 
tendon  I,  am)  membranes  of  the  brain  ;   and  (2)  from  similar  mi 
of  injinmnmlorii  tisnii — such  as  nodes  or  general   thickenings  of  bone, 
Ihe  sharp  stalactitic  processes  which  may  grow  round  an  inflamed  joint  or 
on  the  surface  of  bone,  and  the  smooth  round  prominences  which  ahsoal 
encircle  a  joint  in  rheumatoid  arthritis.     They  must   In-  distinguished, 
also,  from  ealearemut  dcjHtxiU  in  which  there  is  no  bone  formed  i  p,  100), 

Osteomata  are  generally  divided  into  two  main  varieties — 1.  Ho- 
mologoun  oitiomiitu,  suUlivided  into  cj-iW-mx  and  cnostosn,  according  i» 
they  project  (i)  from  the  surface  or  (ii)  into  the  medullary  canal  of  a 
U»ne.      -.  Iltfcrof'Jt/trux  iixtromittit. 

1.  Homologous  Osteomata. — (I)  Exostoses  arc  again  subdivid 

cording  to  the  density  of  tile  h f  which  they  consist,  into  two  L' 

— (a)   the  compact,  tcory,  or   rf/urnntetf ;    (Jt)   the  rimerl/im*  or  ■ 

(«)  The  compact,  or  ivory,  exostosis  grows   from   ] 
1  ttj-i'i.'k  «rr(oi»,  u  bone. 
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occurs  most  frequently  on  the  externa]  and  internal  surfaces  of  the 
skull :  the  orbit  is  an  especially  favorite  seal.  It  is  also  met  with  on 
the  scapula,  pelvis,  and  on  the  upper  and  lower  jaws.  In  the  last-named 
situation  it  may  grow  from  the  denial  periosteum.  An  osteoma  grow- 
ing from  the  root  of  a  tooth  is  known  as  u  dental  osteoma.  An  odontoma 
is  a  tumor  composed  of  dentine,  or  of  some  other  constituent  of  a  tooth 
or  tooth-sac  ;  or  ii  may  grow  from  the  root,  neck,  or  crown  of  a  tooth. 

Smli  growths  arc  smooth,  low,  rounded,  wide-based,  covered  by  the 
periosteum,  and  continuous  with  that  of  the  old  bone  from  which  they 
grOW.  On  section,  they  are  throughout  of  ivory-like  density,  and  they 
are  usually  well  defined  from  the  adjacent  tissue.  Microscopically,  the 
lame  I  be  are  arranged  concentrically  and  are  parallel  to  the  surface  of 
the  tumor  ;  cancellous  tissue  is  absent,  and  Haversian  canals  are  few 
and  narrow.  Some  specimens  are  less  dense,  the  Haversian  canals 
being  as  numerous  as  in  ordinary  compact  bone,  but  less  regularly 
arranged. 

(ft)  The  spongy,  or  cauliflower,  exostosis  is  really  an  ossifying  chon- 
droma. It  grows  from  cartilage,  usually  near  the  junction  of  an 
epiphysis  of  a  long  bone  with  the  shaft.  It  is  especially  common  at 
the  lower  end  of  the  femur  and  at  the  upper  ends  of  the  tibia  and 
humerus.  Its  outline  is  less  regular  than  that  of  the  ivory  growths  ; 
but  it  is  prominent,  more  or  less  pedunculated,  and,  so  long  as  it  is 
growing,  covered  by  a  cap  of  cartilage.  When  this  cap  ossifies  growth 
ceases  (oxtro/iliytr).  A  section  shows  that  the  mass  consists  of  s]mngy 
bone,  directly  continuous  with  the  cancellous  tissue  of  the  bone  whence 
it  springs,  and  surrounded  by  a  thin  layer  of  compact  bony  tissue.  The 
medullary  spaces  may  contain  embryonic,  fibrous,  or  fatty  tissue. 

i  J  i  The  enostosis  is  a  dense  bony  growth  projecting  into  the  medulla, 
and  i-  very  rare.  Osteomata  sometimes  remain  imbedded  in  the  can- 
.■i  !  I ■  -ii—  tissue,  and  are  then  termed  venb-al  onUoiiuita, 

2.  Heterologous  osteomata  are  very  rare  as  primary  growths.  They 
have  been  described  as  incurring  in  the  subcutaneous  (issue  ;  but  Mal- 
herhe  has  shown  reason  for  believing  that  such  growths  are  really 
Hi  adenomata  with  ossified  stroma  (p.  136).  Bony  tumors  have 
very  rarely  been  found  in  the  brain  and  cerebellum.  Parts  of  fibromata, 
liponiata,  and  chondnniiala  may  ossify.  The  secondary  growths  of 
-nrcomata  connected  with  bone  often  ossify. 

The  commonest  secondary  change  is  hijiammalion.  Osteomata  may 
also  become  rnrioim  or  necrose.  The  last  change  is  most  likely  to  occur 
in  ivory  exostoses,  effecting  their  scjiarat ion  and  cure. 

<  ksreomata  generally  originate  from  bone  (homologous),  commencing 
in  the  periosteum,  medulla,  or  persistent  islands  of  cartilage;  but  con- 
jirclire-fismte  tumors,  apnrt  from  bone  (hrivmhxjmut),  may  ossify. 

Clinically,  osteomata  are  perfectly  innocent  tumors.  Their  growth 
is  very  slow.  They  rarely  attain  a  large  size.  They  are  often  hered- 
itary and  multiple,  in  which  ease  they  usually  occur  in  early  life. 
Osseous  growths  which  exhibit  malignant  characters  are  either  sarco- 
mata or  obondroa&rcomata  which  have  undergone  partial  ossification. 
From  these,  true  Osteomata  must  be  carefully  distinguished  (p,   125). 


lie  rcMons, 

SARCOMA.' 

Sarcomata  art-  tumors  consisting  of  tissue  resembling  MOM  -tage  in 
the  development  of  any  of  the  connective  tissues.     In  the  central  part' 
of  tome  of  these  tumors  the  structure  resembles  the  most 
Of  those  tissues,  snob  as  fibrous  tissue,  curtilage,  or  bone.      In  this  way 

a  mixed  tumor  may  result. 

Structure. — Sarcomata  consist  of  cells  imbedded  in  iutt-reelluiir 
substance. 

The  cells,  which  usually  constitute  almost  (In-  whole  of  the  growth, 
consist    for  t lie   most   purt    of  simple    musses   of  nnclcutnl    proi 
rarely    possessing   a    limiting    meinliraue.       There   an?    three    principal 
Varieties  of  Cell — i-oimil,  Kjiimll,-,  unil  mi/fUtUU    The  round  nnd 
ells  may  !«■  I'iilirr  nun?  or  targe.    The  myeloid  cells  are  much  unpi 
than  the  others.     They  are  irregular  and  multinucleated,  van  a 
in   size   and   in   the   number  and   sue   of    the   contained   nuclei.      One 
itII  uiav  have  BS  manv  H  thirty  nuclei,      Though   in   unv  given  tumor 
one  form  of  ci-11  usually  predominates,  two   or    !■  variclh-    may  fre- 

i|iiriiti\  be  •nocinted. 

The   intercellular   substance   Of   stroma   usually  exists   in   but   snndl 
quantity.     /'  tntarenei  between  "//  ee/fc  nnd  it  cu  cnwelji  nmntritd  riik 
bum  as  in  ardmarg  cotmectivt  tissue.     These  points  are  eft  en  relied  upm 
to  distinguish  certain  sarcomata  from  carcinomata,  but  then, 
always  hold  good  (p.  1J7). 

The  stroma  may  be  fluid  and  homogeneous,  or  firm  and  gptnoar, 
in  more  or  teas  fibrous,  or  even  chondrified  and  ossified.  On  its  amount 
and  nature  the  consistence  of  the  growth  depends. 

The  bloodvessels  are  usually  very  numerous.     The  larger  1;. 
stroma  which  supports   them  ;   the  .-mailer  are  usually  in  direct   eoutart 
with  the  culls,     Their  distribution  is  very  irregular,  and  their  « 

often   formed   bj    ootliing   but   the  cells  of  the   tumor,  tl gfa 

layer  of  endothelial  cells  may  separate  the  bhmd  from  theeelht.      Mum', 
on  the  one  hand,  the  ease  with  which  portions  of  the  tumor  are  .:irr»'l 
away  in  the  blood-stream  and  the  tumor  thus   generalized;  ami. 
other,  the  frequency  with  which  the  vessels  rupture  and  permit  cxtmva- 
mtion  of  blood    into  the  su  lists  nee  of  the  growth.     Lvmphatica  ar» 

tl(lktl-l"ll. 

An  examination  of  the  growing  Imrder  usually  shows  a  great 
of  small  round  cells  over  all  other  forms.  These  cells  extend  ■long  th* 
connective  tissue  in  all  directions,  and  force  themselves  l*-t ween  the 
essential  elements  of  muscles,  glands,  and  any  adjaccul  organs,  wliil* 
these  elements  ihemsclvcs  liecontc  pile,  undergo  atrophy,  and  finally 
disappear  (Fig.  61).  In  the  invaded  connective  tissue  many 
are  seen,  which  may  possibly  indicate  multiplication  of  the  fixed  cells: 
it  i-  not   known  whether  such  cells  help  to  form  the  tumor. 

In   the  ordinary  examination  of  a   sarcoma,  the  appearances  in  the 
■old   not   Im>   relied  upm,  mi  account  of  the   prcdomi- 
■Qntfc  «U|i;,  lli-Ji  or  rniwlo.  uteStaf,  i 
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Physical  Characters. — Portiooa  <ii"  sarcomata  which  have  under- 
gone no  secondary  changes  are  soft,  semi-translucent,  nnd  gray  or 
pinkish-gray.     These  sppeanaeefl  are  best  Been  near  the  circumference 

■if  the  growth,  where  the  zone  of  actively  growing  cells  may  lie  narrow. 
Toe  diagnosis — even  with  the  microscope — between  a  sarcoma,  espe- 
cially a  fibrosarcoma,  and  the  different  forms  of  simple  ronncctive-ti&sua 
tumors  may  !»■  exceedingly  difficult.  This  is  due  to  the  higher  devel- 
opment of  the  central  parts  of  the  sarcoma  into  one  or  other  variety  of 
Cully  formed  connective  tissue.  IVgciicruiive  processes,  such  as  fatty 
degeneration,  and  especially  hemorrhage,  may  greatly  interfere  with  the 

Fiu.  61. 
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usn.il    apjicaraticcs  :    th vnrrciire  of  hemorrhage    may  convert  a  solid 

tumor  into  a  blood-cyst  with  a  scarcely  recognizable  wall. 

As   a    rule,  the  growing   edge   is   ill-defined,   there  being   no   sharp 
line   of  demarcation   between   the  tumor  and   the   adjacent   [tarts;   but 

sometimes     a    slowly    growing    saivon lay    acijiiire    a    capsule    by 

stretching  around   itself  the  connective  tissue  of  the  organ  in  which  it 
originates. 

Secondary  Changes. — The  most  imjmrtant  of  these  is  /ttltt/  drgen- 
n-'ilirm.  This  always  occurs  to  a  greater  or  less  extent  in  the  older 
portions  of  the  growth,  causing  either  softening  or  the  production  of 
cyst-like  cavities.  It  is  frequently  assneiated  with  rupture  of  the  hlood- 
1 1 ■  i  henwrrfutffr. ;  the1  latter  may  give  rise  to  the  formation  of 
btood-eysts.  Oaldfiedtifm  (Fig.  60,  p.  124),  omfirttiitm  (Fig.  61,  p.  125), 
ninl  mucoid  degeneration  are  less  common.  The  occurrence  of  calcifica- 
tion,  ossilic.it ion,  and    pigmentation   is  influenced    by  the  predisposition 
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of  t lie-  matrix  from  which  the  growth  is  produced — thus,  cal 
■ad  OBUftctttioo  are  more  prom-  to  occur  in  tumors  originating  in  con- 
nection with  hone,  pigmentation  in  those  originating  from  the  oqA  M 
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Varieties. — Though  all  sarcomata   possess  the  same  general   charac- 
ters, they  present  histological  and  clinical  differences  which 
buses  for  their  classification. 

The  principal  features  which  are  thus  utilized  are  (1)  the  preduroi- 
nant  form  of  cell  ;  ("2)  the  nature  of  the  intercellular  sub.-tanoe  ;  and 
(;t)  the  secondary  change-  to  which  the  growths  arc  liable. 

(1)  The  predominant  form  of  eefl  enables  us  to  distingnu 
groujiM :  the  romul-cilliil,  the  tpimHt-cdled,  the  mixed-ceHtd,  in  which 
no  one  form  predominate*,  and  the  myttaid-cetUd.  Strictly  -[•eakinc, 
this  last  group  is  one  of  mixed-celled  sarcomata,  but  though  tbe 
myeloid  cells  can  never  l>e  said  to  predominate,  Ihey  arc  frequent!] 
so  numerous  as  to  Ik.-  the  most  striking  objects  in  the  Held,  when 
the  growth  is  examined  microscopically  (p.  125). 

('1)  The  stroma  may  lie  mucous,  fibrous,  cartilaginous  or  hoofi 
beooe  m  may  have  a  myxosarcoma,  fibronarcoma,  chondroBarcomOj  ami 
otUoaarcoma. 

(it)  The  metntthirij  chuur/ex,  which  sarcomata  undergo,  serve  tooav 
tiii'jiii-h  differing  forms,  inasmuch  as  the  peculiarities  are  reprcdasid 
in  the  secondary  growths.  The  chief  of  these  an-:  msfanoa 
characterized  by  die  development  of  black  pigment,  and  - 
a  very  rare  form,  with  green  pigment  ;  lipomrcoma,  in  which  tk*^ 
cells  umlcrgo  liitty  accumulation  ;  and  valrij'iihuj  win-mutt,  in  win*'  * 
nkanotu  inliltration  is  marked. 

Mode  of  Growth  and   Seats. — Sarcomata   always    spring    from  MB — 
MCtlVC  tissue,   and   may   occur  wherever  connective   tissue   is 
It   is   doubtful    whether    they    start   from    adult    tissue   or    from 
embryonic  remnant     Congenital  warts  and   pigment-spots  uiUii  .-. 
in  later  life,  as  their  starting-points  (p.  i'K).      The -kin  and  BubcattM 
tiaaill  .  i:i-'i;i,  periosteum,   medulla  of  Uuie,   and    lymphatic  glands* 
rln-  cnnitiioncst  scats  of  sarcomata. 


Clinical  Characters. — Sarcomata  occur  most  frequently 
and  middle  life,  and  arc  among  the  most  malignant  of  new  fol 
They  are  especially  characterized  by  their  great  tendency  to  exteH 
locally  and  to  infiltrate  the  surrounding  structures,  so  thai  tl 
exceedingly  prone  to  recur  '*/'  'oco  after  removal.  Bittlin  has  shown  tM 
saronmatu  of  certain  parts  almost  always  atlcel  lymphatic  glands  at  an 
early  stage — viz.,  sarcomata  of  the  testis,  tonsil,  lymphatic  glands, 
ami  some  fascia'.  Those  of  most  other  parts  slum  no  tendency  i" 
affect  lymphatic  glands  at  all  ;  so  that,  on  the  whole,  sarcomata uibbuH 

n    ' trast    lu    cancers   in   ilii-  rcs|>cct.     Like   cancers   diet    u 

liable   to  become   generalized.     The   secondary   growth* 
frequently  in  the  lungs.       'I'tf    it'utxfMhuitiati    i»  effected  l>y  menu*  of  I 
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bloodstream,  and  is  a  natural  result  of  the  thinness  of  the  vessel-walls 
(p.  1 16).  The  dissemination  of  sarcomata  is,  on  this  account,  sometimes 
more  rapid  than  that  of  carcinoma  ta,  in  which  extension  in  the  early 
stage  takes  place  by  the  lymphatics,  and  dissemination  l>y  the  blood 
occurs  later  in  the  disease.  Secondary  sarcomata  usually  resemble  the 
primary  growth,  but  in  exceptional  cases  the  several  varieties  may 
replace  one  another. 

It  has  already  been  pointed  out  that  the  different  varieties  of 
sarcoma  possesses  very  different  degrees  of  malignancy.  As  a  rule,  the 
softer  and  more  vascular  the  tumor,  and  the  less  its  tendency  to  form 
fully  developed  connective  tissue,  the  greater  is  its  malignancy.  The 
soft  round-celled  and  large  spindle-celled  varieties  are  thus  usually 
much  more  malignant  than  the  firmer,  small  spindle-celled  growths. 
Many  small  spindle-celled  tumors,  after  removal,  never  recur ;  whilst 
others  recur  locally  several  times,  and  only  ultimately  reproduce  them- 
selves in  distant  parts.  As  a  rule,  largeness  of  the  spindle-cells,  and 
the  existence  in  many  of  them  of  more  than  one  nucleus,  are  together 
evidence  of  special  malignancy.  Central  sarcomata  of  bone  are  much 
less  malignant  than  the  subperiosteal  varieties ;  the  latter,  with  sarco- 
mata of  the  tonsil  and  testes,  and  melanotic  sarcoma  of  the  skin,  being 
amongst  the  most  malignant  of  tumors.  The  presence  of  a  capsule 
limiting  the  growth  must  also  be  taken  into  account  in  judging  of  the 
degree  of  its  malignancy.  It  must,  however,  be  born  in  mind  that 
ejicapsuled  sarcomata  may  invade  the  surrounding  structures,  giving 
rise  to  adjacent,  but  discontinuous,  nodules.  The  myeloid  growths  are 
the  least  malignant ;  they  may  in  exceptional  cases  give  rise  to  second- 
ary growths  in  internal  organs,  but  "  complete"  removal  gives  a  very  ' 
good  chance  of  non- recurrence.  This  result  sometimes  occurs  with 
growths  having  every  appearance  of  malignity. 

Bound-celled  Sarcomata. 

These  are  of  softer  consistence  tlian  the  spindle-celled  growths,  and 
from  their  frequent  resemblance  in  physical 
characters   in   enceplialoid1  carcinoma,   arc  Flo.  62. 

sometimes  known  as  "  medullary,"  "  en- 
ccphaloid,"  or  "soft"  sarcomata.  Histo- 
logically, they  resemble  embryonic  tissue, 
consisting  mainly  of  round  cells  imbedded 
in  a  scanty  and  usually  suit,  homogeneous, 
or  finely  granular  intercellular  substance 
(Fig.  02).  The  cells  usually  resemble  those 
met  with  in  the  most  elementary  em- 
bryonic tissue ;  less  frequently  they  are 
bigger,  and  contain  large  round  or  oval 
nuclei,  with  bright  nucleoli.  There  is  an 
almost  complete  absence  of  fusiform  cells,  »"t.  x  *» 

and  of  the  partial  fibrillation  which  is  so 
frequent  in  the  more  highly  developed  spindle-celled  variety. 
1  Greek  iyufaAor,  brain. 
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TUMORS. 


Round-celled  sarcomata  an'  nf  a  uniformly  mft,  bniin-like  con- 
sistence, unracwhat  translucent  or  ojtaque,  and  of  a  grayish  or  reddish- 
white  color.  Ou  scraping  the  cut  surface,  they  yield  a  juice  which  is 
rich  in  cells.  They  arc  exceedingly  vascular :  the  vessels  are  often 
dilated  and  varicose,  and,  from  their  liability  to  rupture,  frequently 
give  riw  to  ecehymoses  and  to  the  formation  of  blood-cysts.  The 
tumors  grow  from  the  cutis,  the  subcutaneous  cellular  tissue,  the  peri- 
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•  osteum,  the  fascia?,  and  the  connective  tissue  of  organs.  They  extend 
rapidly  by  peripheral  growth,  intiltrate  the  surrounding  stnictures, 
reproduce  themselves  in  internal  organs, 
and  often  involve  the  lymphatic  glands. 
From  their  clinical  and  physical  charac- 
ters these  tuinurs  are  very  liable  to  be 
confounded  with  encephaloid  cancer  :  they 
are  distinguished  to  sonic  extent  by  the 
characters  of  their  cells,  hut  principally 
by  the  absence  of  an  alvcolor  stroma,  and 
by  the  penetration  of  the  intercellular  sub- 
stance between  the  individual  cells. 

Lymphosarcoma. — This  isa  round-celled 
sarcoma,  in  winch  the  matrix  has  devel- 
oped into  a  more  or  less  perfect  reticulum, 
like  that  of  lymphoid  tissue  (Fig.  ■>!).  It  may  begin  in  lymphatic 
glands,  or  in  connective  tissue  anywhere,  and  is  a  common  form  of 
mediastinal  growth.  It  is  distinguished  from  ly  nip  hade  noma  by  its 
more  rapid  course,  by  the  formation  of  sccorolury  growths  by  embolism, 
and  by  the  absence,  when  the  lymphatic  glands  are  involved,  of  the 
typical  distribution  of  follicles  ami  stroma.  Occasionally  the  growth 
is  slower  and  the  reticulum  more  developed  (Fig.  54). 
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Alveolar  Sarcoma. — Thin  is  a  somewhat  rare  form  of  round-celled 
sarcoma  which  was  first  described  by  Billroth.  The  cells,  which  are 
large,  sharply  defined,  and  round  or  oval  in  shape,  contain  round, 
prominent  nuclei,  and  are  separated  from  each  other  by  a  more  or  less 
marked  fibrous  stroma.  In  some  parts  this 
stroma  forms  small  alveoli  within  which  the  Fia.  55- 

cells  are  grouped,  but  careful  examination  will 
always  show  that  in  most  parts  of  the  section 
the  stroma  really  penetrates  between  the  in- 
dividual cells.  This  last-named  character, 
together  with  the  nature  of  the  tissue  from 
which  they  arise,  serves  to  distinguish  these 
tumors  from  the  cancers,  with  which,  in  many 
cases,  they  may  easily  l>e  confounded.  The 
accompanying  drawing  shows  their  micro- 
scopic diameters  (Fig.  55).  The  stroma  is 
often  much  more  delicate,  and  the  cell-masses 
are  occasionally  much  larger  than  in  the  drawing.  The  cells  are  gen- 
erally in  close  connection  with  the  stroma,  though  vessels  never  pass  in 
among  them.  In  this  latter  respect  they  resemble  epithelial  growths. 
Ziegler  considers  that  the  alveolar  structure  may  be  due  to  the  trans- 
formation of  normal  inter  vascular  tissue  into  sarcoma-cells,  while  the 
vessels  with  the  neighboring  connective  tissue  remain  as  septa. 

Alveolar  sarcomata  are  met  with  principally  in  the  skin,  bones,  and 
muscles.  In  the  skin,  where  they  arc  often  multiple,  they  lead  to 
ulceration.  They  tend  to  recur  locally,  and  also  to  reproduce  them- 
selves in  internal  organs.  Many  alveolar  sarcomata  would  now  be 
placed  under  the  heading  "  endotheliomas,"  as  they  appear  to  arise 
from  endothelial  cells. 


Spindle-celled  Sarcomata. 

These  tumors  are  the  most  common  of  all  sarcomata.  They  con- 
sist of  cells,  mainly  spi  mile-shaped  and  fusiform,  separated  by  only  a 
little  homogeneous  or  slightly  tibrilliitcd  intercellular  substance  (Fig.  56), 
and  often  forming  whorls  around  the  vessels.  The  cells  contain  well- 
marked  oval  nuclei,  with  one  or  more  nucleoli.  They  are  arranged  in 
bundles  which  pass  in  all  directions  through  the  growth,  and  often 
give  it  the  appearance  of  a  fibroma  or  myoma.  In  those  portions  of 
the  section  in  which  the  bundles  of  spindle-elements  have  het'ii  cut 
transversely  or  obliquely,  they  present  the  appearance  of  round  or  oval 
cells.  The  cells  vary  considerably  in  size  in  different  tumors,  hence 
the  division  into  small  and  large  spindlc-cellcd  growths. 

Small  Spindle-celled  Sarcoma. — In  these  the  cells  an'  small,  .often 
not  more  than  T5lfffl  inch  in  length,  anil  the  intercellular  substance 
is  occasionally  imperfectly  fihrillatcd  (Fig.  ")7).  These  growths  are 
therefore  somewhat  similar  to  fibromata,  and  histologically  they  must 


be  regarded  as  occupying  an  intermediate   place  Iretween  embryonic 
and  fully  developed  connective  tissue.     They  grow  from  periosteum, 

fascia:,  and  connective  tissue  in  other  parts.     They  are  usually  firm 


and  whitish  or  pinkish-white,  and  present  on  section  a  translucent  some- 
what tibrillatcd  appearance.     They  an'  much  more  frequently  encap- 
suled  thnn  any  other  variety  of  sarcoma,  but  they 
Fiu. 57.  an'  very  liable  to  infiltrate  the  surrounding  struct- 

ures, ami  tti  recur  loeullv  alter  removal. 


—P-,,    _  "  Large    Spindle-celled    Sarcoma. — The   cells    in 

^^^^5^  these  tumors  are  not  mily  larger  thun  in  the  pre- 
*  vV%^  ceding,  they  are  also  pluunicr,  and  both  nuclei 
and  nucleoli  suv  espeeiallv  prominent  and  fre- 
"T^'k™"'^  uwntly  multiple  (Fig.  58).  The  intercellular 
nfihi'ii-K.  .  um.  substance  is  more  scanty,  and  there  is  a  complete 
iil>sence  of  any  fibrillation.  These  growths  an' 
much  softer  in  consistence  than  the  sina  It-celled  variety.  They  are 
of  \\  pinkish-white  color,  and  \\rv  often  stained  Inr  extravasations  of 
blood,  and  in  parts  an'  sometimes  almost  diffluent  from  extensive  tatty 
degeneration.  They  grow  rapidly,  and  an1  usually  exceedingly  malig- 
nant.    They  occasionally  give  rise  to  blood-cysts. 

Melanotic  Sarcoma. — This  is  a  variety  of  sarcoma  in  which   many 
of  the  cells  contain  granules  of  melanin '  (p.  81),  quite  distinct  from  the 
'ISrwk  pi'-at,  bliick. 


SPINDLE-CELLED  SARCOMATA. 


pigment  of  extravasated  blood.     The  greater  number  of  melanotic 
tumors  are  probably  sarcomata. 

Melanotic  sarcomata  originate  principally  in  two  situations — in  the 
pigmented  tissues  of  the  eye  and  in  the  superficial  integuments.     In 


Large  iplndle-cclled 


both  these  situations  pigment  is  a  normal  constituent  of  the  tissues, 
and  this  tendency  of  pigmented  structures  to  give  origin  to  melanotic 
growths  is  exceedingly  characteristic.  These  tumors  usually  consist 
of  spindle-shaped  cells  (Fig.  59),  and  hence,  they  are  described  in  the 


P/.«? 


A  melanotic  ■arcoma  of  the  penis. 

■  ami.  B.  Section  from  llio  peripheral  part  of  tl 
amnngil  which  are  amall  iiolated  pigmented  ele 
C.  Some  of  tbe  elements  tepanited  by  leaning.   I 


the  general  arrangement  of  the  element!. 
growth,  showing  tbe  "  indifferent  celli," 
vnU.  At  .1,  abloodvenelin.cen.  X  200. 
these  the  plgment-granulei  are  well  aeen. 


present  section  ;  but  in  some  cases  the  prevailing  type  of  cell  is  round 
or  oval.  The  pigment,  which  gives  to  them  their  distinctive  character, 
consist*  of  granules  of  a  brownish  or  dark  sepia  color.  These  are 
mainly  distributed  within  the  cells  (Fig.  59,  c),  but  are  also  found 
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in  the  intercellular  substance ;  in  the  latter  position  the  pigment  is  not 
improbably  derived  from  broken-down  cells  of  the  tumor.  Frequently, 
only  a  very  small  proportion  of  the  cells  is  pigmented,  whilst  in  other 
instances  the  pigmentation  is  much  more  universal.  In  all  case*,  a 
large  number  of  the  elements  will  be  found  to  be  quite  free  from 
pigment. 

These  melanotic  tumors  are  among  the  most  malignant  of  the  sar- 
comatous growths.  Although  they  show  comparatively  little  tendency 
to  extend  locally,  they  are  rapidly  disseminated  by  means  of  the  blood- 
vessels, and  occasionally  also  by  the  lympliatics :  they  thus  reproduce 
themselves,  oflen  very  rapidly,  in  distant  tissues.  Although  the  sec- 
ondary growths  almost  invariably  maintain  tiieir  melanotic  character, 
the  degree  of  their  pigmentation  varies  considerably.  Whilst  many  of 
them  may  be  perfectly  black  in  color,  others  may  be  much  paler — per- 
haps only  streaked  writh  pigment.  The  secondary  growths  are  soft, 
usually  distinctly  circumscribed,  and  often  encapsuled.  They  may 
occur  in  almost  every  organ  of  the  body — the  liver,  the  spleen,  the 
kidneys,  the  lungs,  the  heart,  the  brain  and  spinal  cord,  and  also  the 
lymphatic  glands  and  subcutaneous  tissue,  may  all  be  simultaneously 
involved.  When  occurring  in  internal  organs,  the  pigmentation  is  not 
always  limited  to  the  secondary  nodules,  but  many  of  the  cells  proper 
to  the  organ  itself  are  filled  with  granules  of  similar  pigment,  which 
is  most  abundant  in  the  cell*  immediately  adjacent  to  the  newr-growtlis. 
This  pigmentation  of  the  cells  of  the  organ  often  extends  for  some  dis- 
tance beyond  the  confines  of  the  tumor.  Melanin  or  its  chromogen  is 
generally  present  in  the  urine. 

Ohloroma.1 — The  name  chloroma  has  been  applied  to  a  very  rare 
form  of  tumor,  closely  resembling  lymphosarcoma  histologically,  but 
distinguished  by  its  peculiar  green  color.  The  nature  of  the  pigment 
is  unknown  ;  it  rapidly  fades  on  exposure  to  air.  The  growths  origi- 
nate in  connection  with  bone,  especially  with  the  bones  of  the  face. 
The  disease  has  some  apparent  relation  to  leucocythvemia,  the  blood 
presenting  marked  lymphocytosis.     (Sec  Leucocytluemia.) 

Osteosarcoma. — This  is  a  variety  of  sarcoma  in  which  the  growth 
(usually  spindle-celled)  is  either  more  or  less  calcified,  or  partially  con- 
verted into  true  bone.  As  a  primary  growth  it  is  met  with  almost  ex- 
clusively in  connection  with  bone,  growing  either  from  the  periosteum 
or  the  medulla ;  but  the  osteoid  characters  are  usually  reproduced  in 
secondary  tumors  occurring  in  the  lungs  and  other  parts. 

CafeijivatioH  is  much  more  common  than  true  owtijication.  Each  of 
these  processes  may  occur  separately,  but  they  are  often  combined. 
Bands  and  patches  of  granular  appearance,  in  which  the  outlines  of 
cells  may  still  be  visible,  or  in  which  all  structure  has  disappeared,  and 
which  stain  but  slightly,  show  where  calcification  has  occurred  (Fig.  60). 
In  other  parts,  esjnicially  near  the  bone,  spicules  having  the  structure 

Greek  j/ifcywr,  green. 
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>f  more  or  less-  perfect  bone — Kaveirian  canals,  laetune,  and  iraperfeot 
lanaliculi — will  lie  seen  penetrating  the  growth  (Fig.  ti  I).     The  spicules 


-  generally  vertical  to  the  surface  of  the  bona      Tn  some  wises  a  skele- 
i  nf  bony  spines  radiates  from  the  bone  through  the  growth. 

Both  calcification  and  us.-ilieation  may  Ik.'  very  complete,  but  a  thin 


iftareoma-tiMUf  ixiilimi/xprrxvnf.  This  distinguishes  the  growth 
6t>M  ■  simple  osteoma  which  bus  cartilage  or  periosteum  on  its  surface, 
and  is  of  moen  slower  growth. 


Myeloid  Sarcoma. 

These  sarcomata,  also   known   :\~  nufli'i'l  htiitorx  or  myelomata,  are 

allied  t.i  the  spindle-eel  led  sarcomata.     They  possess,  however,  certain 

histological  peculiarities  which  probably  depend  upon  the  characters  of 

K  irom  which  they  grow.     They  contain  many  of  the  large  mill- 
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i inucleatcd  cells,  known  as  "  myeloid  oella  " — which  neemble  I 

of  the  medulla  of  hone  in  a  state  of  excessive  nutritive  activity — 1<-- 

gether  with  numerous  fusiform  cells  like  those  met  with  in  the 

celled  varieties.      There  are  also  some  smaller  round  and  oval  elements. 

Fio.62. 


The  large  myeloid  cells  which  give  to  these  tumors  their  distinctive 
characters  are  usually  much  more  numerous  in  those  growth*  which 
originate  in  the  medullary  cavity  than  in  tin™-  which  spring  from  the 
periosteum.  These  various  tonus  of  cells  arc  almost  in  contact,  Ihtfft 
befog  vrrv  little  intercelluhir  eutatance  (Fig.  62).  The  growths  are 
sometimes  so  vascular  as  to  give  rise  to  distinct  pulsation.    They  often 

eontain  oyata, 

Myeloid   tumors  almost  always  grow  in  connection  with  bi 
rods  of  the  long  1  tones  being  their  favorite  seat  :  they  most  fn 
originate  in  the  medullary  cavity  of  the  long   I  tones.      They  are  al«i 
frequently  met  with  springing  from  the  periosteum  of  the  upper  and 
lower  alveolar  processes,  where    tliey  constitute  one  form  of  rp»li*.x 
When  originating  within   the  medullary  cavity,  the  compact    : 
the  hone  becomes  "  expanded  "  over  them,  and   they    thus  often  mm- 
tnunicate    to    [he    linger.-,  during   examination,    the    |>eculiar   sensation 
known   to  surgeons  as  "eggshell  crackling."      True  expansion  of  t>w* 
i*.  of  course,  impossible  ;  really,  tin-  old  (tone  is  absorlted  fmiii  within 
by  the  tumor,  and  the  periosteum  lays  down    new  hone  on  the  surface; 
alwwrptioi)  it  more  rapid  than  new  formation,  and  the  thin  -mi 
of  bone  yields  and  crackles  under  pressure,  or  is  actually  wanting  at 
1  Qmk  '-',  ii]"pii  ;  "i'-«i,  Um  gum. 
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spool  «liiTp  pulsation  is  marked.  Myeloid  tumors  may  also  originate 
in  tendott-ahflataa  and  synovial  membranes. 

These  tumors  are  for  the  most  part  of  firmer  consistence  than  the 
other  varieties  of  sarcoma.  Many  of  them  are  firm  and  fleshy  ;  others 
arc  softer,  more  resemhling  gelatin-si/c.  They  are  not  pulpy  and 
gromous  like  tiie  soft  sarcomata,  neither  do  they  pretest  the  fascicu- 
lated appearance  of  the  spindle-ccllod  varieties.  Their  cut  surface  has 
a  uniform  succulent  appearance,  often  mottled  with  patches  of  red. 
Tliis  red-brown  or  maroon  color  varies  with  the  number  of  giant-cells 
present,  an<l  is  very  characteristic.  The  tumors  are  often  encapsuled 
by  the  perineal  covering  of  the  Isme  from  which  they  grow.  They 
are  rare  after  middle  Kle,  and  very  rarely  give  rise  to  secondary 
growths.  They  are  the  least  malignant  of  all  sarcomata,  and  by  some 
aotlmrilies  are  classed  among  the  innocent  growths  as  tumors  of  the 
medulla  of  bone,  or  mj/dmitata. 

When  occurring  in  other  connective  tissues,  these  sarcomata  are 
generally  round  where  congenital  defects  are  common  ;  and  the  myeloid 
cells  and  even  cartilage  (Waring),  which  they  may  then  contain,  are, 
therefore,  proliably  due  to  the  inclusion  of  some  misplaced  rudiment. 

Small  multiple  myeloid  sarcomata  are  west  si  on  ally  found  as  primary 
tumors  in  bone  and  other  connective  tissues.  In  bone,  the  tumors 
grow  from  the  medulla,  invade  the  bony  tissue,  and  expand  the  peri- 
osteum. The  ■fleeted  hones  soften,  and  in  their  subsequent  changes 
simulate  the  condition  met  with  in  osteomalacia.  In  these  eases  albu- 
mose  is  often  present  in  the  urine.  These  tumors  are  more  malignant 
than  the  single  myeloid  sarcomata  previously  described. 

Angiosarcoma. 

Angiosarcomata  are  round-celled,  or  less  commonly  spindle-celled, 
growths  in  which  the  vessels  are  .so  numerous  and  so  large  that  in 
roanv  ea-es  the  tumor  appears  to  be  made  up  of  islets  of  sarcoma-cells 
surrounded  by  a  single  layer  of  flattened  spindle-cells,  and  separated 
It-no,  one  another  by  larger  or  smaller  spaces  containing  blood. 

Perithelia!.  Sarcoma. 

Perithelia]  sarcomata  arc  growths  consisting  of  parallel  columns  or 
globe*  (eynWromo),  each  of  which  is  composed  of  a  large  central  capil- 
lary vessel  and  three  or  four  concentric  layers  of  cells,  probably  derived 
from  the  adventitia  of  the  central  vessel.  These  columns  are  connected 
by  myxomatous  or  sarcomatous  tissue.  The  cells  forming  the  columns 
often  undergo  mucoid  changes.  Ziegler,  to  emphasize  the  large  size 
and  number  of  the  vessels  and  the  general  character  of  the  tissue 
around  them,  has  suggested  the  name  ungiosarvoma  myxomatodat. 


Endothelioma. 


J 


Eudotbeliomata  are  growths  sometimes  found  arisiug  from  the  eodii 
thclial  lining  of  serous  membrane*,  and  consisting  of   Inrgu  ova! 
angular  cells  contained  in  well-defined  alveoli.     These  mshbb  an- 
nej  similar  in  structure  to  oaroinomata  ;  but  parti  of  the  growth  n«v 

show  multiplication  nf  pri— i.\i-t iti.n1  i-mliitiiolial  cells,  nd  other  paru 
may  consist  of  spindle-cub  and  transitional  forms, 

PAPILLOMA. 

Papillomas  are  new  format  ion?  resembling  in   structure  enlarged 
ptipillte. 

They  consist  of  a  basis  of  connective  tis.-iie  which  send.-,  toward  lb* 
surface  numerous  papillary  pr<  .<■<■--<-,  i-aeh  —  c s j . | ■. « ■■  (- 1  I  >1  ■ 
Mid  in  a  papillary  network  or  single  loop,  the  whole  being  envelojied  in 
a  oovering  of  epithelium.  The  papilhc  may  be  shorl  ana  -imple,  at  in 
.■in  iirdiunry  wart  (Fig.  6S) ;  or  they  may  lw  long,  delicate,  hnuirhiug — 
giving  oil'  secondary  and  tertiary  otfscts — and  very  numerous,  as  in 
riHuvM  tumor*.  The  eovoring  epithelium  in  skin-growths  IS  thick,  hard, 
and  Stratified,  and  may  actually  hind  the  papillie  into  a  solid  nias?  ;  hot 


on  mucous  membranes  the  slender  vascular  process**  are  covered  by  * 

small  u mi  of  delicate  epithelium,  and  in  consequence  they  are  cajiW 

laceruble  (Fig.  64).     Papillomata  on  serous  membranes  maybe  coven* 
i.v  :i  single  layer  of  endothelial  cell-. 
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Bemafrhagt  and  ulceration  resulting  from  injury  can  hardly  be 
nlnnrmd  h  secondary  changes.  Tile  only  important  change  is  tlic  jMissilil*- 
twiwiwil  ■>/  a  papilloma  into  ",*  epithelioma.  In  a  wart  all  the  epithe- 
lium is  an  Ae  .-in-/",;-,  ii, i  mutter  how  irregular  thnt  surface  may  be. 
At  soon  its  the  epithelium  begins  to  invade  the  Hemes  beneath  it,  (he 


Endothelioma. 
Pigmented  warts  not  uncommonly  form  on 


if  frequently  irritated,  may  beeome 


wart  ha*  become  a  cancer. 
the  face  in  old  age,  and,  en|ie 

■  ■pillu'li'itiiainti-. 

Four  varieties  can  be  readily  distinguished  : 

1.  The  ordinary  skin-wart  with  ii-  covering  of  hard  squamous  epi- 
i  'uridyl. miata  and  venereal  warts,  due  ti ■  the  irritation  of  the 
of  suit  Borea  or  gonorrhoea,  deserve  special  mention.      These, 
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(tough  covered  by  squamous  epithelium,  are  much  softer,  more  i 

mid  more  luxuriant  in  growth  than  the  ordinary  skin-wart.     They  aff«i 

warm,  moist  parts. 

2.  The  soft  warts  ami  villous  tumors  "fall  mucous  surfaees.      The* 
are  usually  characterized  by  long  delicate  compound  papilla.*.    Tbt 

Vm.  66. 


Vllloui  MOOT  of  bladder. 


lic.1li.isl    i 


cheek,  larynx,  ami  bladder  are  the  parte   most  often  affected.     Tbr 

ji,'i|iill:irv  enlargement-  of  the  synovial  villi,  which  are  n n  in 

ohronio  arthritis,  may  be  included  in  this  group. 

S,  Corns. — These  commence  as  papillomata  ;  but,  as  the  epidermi* 
thickens  ami  is  pressed  by  die  I  unit  into  the  suit  parte,  tin 
ultimately  atrophy. 

4.   Horns  -mill'  inches  long  oorasiiinnllv  spring  from  the  shin.     The-* 
consist  of  epithelium  and  sebaceous  secretion,  and  originate  from  w(*- 

cfiiis  iiillicles  it  IV a  sclwiccous  eyst.      It    is   said   that  long  papilla* 

project  into  their  bases,  so  that  they  seem  to  In*  allied  to  warts.  Tbt 
Emm  must  he  removed  with  the  horn,  or  the  latter  will  recur. 

To  the  naked  eye,  the  i-rdiiinry  wart   is  a   hard,  abruptly  elevated 

little  mam,  apparently  fttmied  of  epithelium.      It   presents  an  irregnlsr 

")  surface,  often   divided   by  deep  fissures  (Fig.  6.1).      If  tbr 

investing  epithelium   lie  abundant,   or  the  papilla;   be   vita-  abort,  * 

numdcd  ma.— ,  Living    a    nnivK    fnro  iuviI    surface,  results  ;     Mil 

pnpilhe  lengthe »!  the  epiiheliimi  thins,  the  growth  presents  first  i 

cauliflower,  then  a  branched,  and  finally  a  villous  appearance.  Tbr 
Latter  appearance  is  Ix'.-t  seen  on  placing  a  "villous  tumor"  of  the 
bladder   in    water,    when    the    Im*;;  delicate   papilla'   float   up  ..  1 


PAPILLOMA. 


They  are  cveeedinglv  vascular.  If  a  section  of  a  papilloma  bo  made, 
the  relation  between  stroma  and  epithelium,  abnvc  described,  can  he 
seen,  even  with  the  naked  eve  (Fig.  63). 


. ;  •dgMM  3 


Ducl-p«!p|l](irnii  of  bnut  ftorn  nnr  of  thp  larger  ducli  of  the  brewt.  The  Bew-Jtrowth,  which 
«onit*to  <.>f  »  Bbtmuttrnmii  pcncitiKed  hy  chnnneln  lined  with  a  single  1»yt-r  of  epithelium. 
tM  nowhere  eiten.lc.l  bCBMth  the  in r face  u(  the  lumen  cf  the  duel  It  distends,  mid  from 
wltfcb  it  nrip»>.      .   a>     i-ininni  l>j-  Or   Itollealan.) 

Papillomatn  originate  from  akin,  from  mucous,  gtrnttx,  and  etfnovin-l 
mtmbranes,  and  from  the  t/iw/n  o/  ytawls  (Fig,  66).  Tbey  most  fre- 
ijiiniily  grow  from  pre-existing  [Kipillie  j  sometimes,  however,  they 
occur  where  un  jiupilhe  exist,  .springing  directly  from  the  subepithelial 
connective  tissue  :  (his  is  the  ease  in  the  stomaeh  and  larynx.  As  all 
rtbfl  on  free  surfaces  tend  to  become  "papillary,"  this  form 
of  tumor  is   probably  the  result  of  physical  conditions.      According  to 
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this  view,  a  wart  is  simply  a  fibroma  become  papillary  by  an  accident 
of  position,  and  papillomata  as  a  class  should  therefore  disappear. 
Many  papillomata  are  rather  inflammatory  overgrowths  than  true 
tumors. 

Clinically,  warts,  so  long  as  they  remain  warts,  are  quite  innocent. 
They  are  common  in  childhood  and  early  adult  age,  especially  upon  the 
hands  and  face.  They  may  be  single,  but  upon  the  hands  they  are  com- 
monly multiple.  When  not  congenital  they  generally  disappear  after  a 
time,  though  they  may  persist  for  years.  Papillomata  on  mucous  sur- 
faces give  trouble,  and  may  cause  death  by  bleeding :  in  the  bladder, 
difficulty  may  arise  from  obstruction  to  the  inflow  or  outflow  of  urine,  the 
entrance  of  the  ureter  being  a  favorite  seat.  Lastly,  the  tendency  of 
warts  and  warty  surfaces  (e.  g.y  Ichthyosis  linguce)  to  become  epithelioma- 
tous  in  advanced  life  must  be  remembered. 

ADENOMA.1 

Adenomata — or,  a^  they  are  sometimes  called,  glandular  tumors — 
are  new  formations  of  epithelial  gland-tissue,  more  or  less  resembling, 
but  distinct  from,  the  glandular  tissue  of  the  organs  in  which  the  tumors 
arise.  The  new-growths  are  incapable  of  performing  the  function  of 
the  tissue  they  imitate,  and  their  duets  do  not  enter  those  of  the  gland. 

In  structure  adenomata  consist  of  numerous  tubules  or  acini,  accord- 
ing to  the  gland  in  which  the  growth  arises.  These  tubules  or  acini  are 
generally  lined  with  a  single  layer  of  epithelial  cells,  though  there  may 
be  two  or  three  layers.  A  section  cut  very  obliquely  through  the  wall 
of  one  of  these  acini  will,  by  cutting  across  adjacent  cells  at  different 
levels,  give  the  appearance  of  several  superimposed  layers.  The  acini 
communicate  with  each  other  and  are  grouped  together,  being  separated 
merelv  bv  connective  tissue  in  which  are  contained  the  bloodvessels. 
The  connective  tissue  Varies  in  amount  ;  when  it  is  much  in  excess  of 
the  normal,  the  growth  is  called  an  <ideno fibroma.  Sometimes,  in  the 
most  rapidly  growing  forms,  the  stroma  is  richly  cellular,  consisting  of 
round  and  spindle-cells ;  the  histological  distinction  between  such 
growths  and  sarcomata  is  impossible  (Fig.  67). 

All  growths  originating  in  glandular  organs  may  be  associated  with 
more  or  less  glandular  structure.  In  the  mamma,  for  example,  sarcoma, 
myxoma,  and  other  forms  of  tumor,  are  often  so  intermiugled  with  the 
gland-tissue  of  the  organ  that  it  becomes  difficult  to  say  which  is  the 
predominant  structure.  In  many  eases  it  is  evident  that  the  develop- 
ment of  such  tumors  is  accompanied  by  an  increase  of  the  gland-tissue 
among  which  they  grow.  Mixed  forms  are  thus  produced— <idenoxar- 
coina,  adenomyxoma,  etc.  Adenoma  is,  by  itself,  an  insufficient  name  for 
these  tumors,  because  their  stroma  is  different  from,  or  in  excess  of,  that 
found  in  normal  gland-tissue.  In  the  uterus  tumors  are  found  consist- 
ing of  glandular  tubules  eml>edded  in  muscular  tissue,  and  have  been 
called  adenomyomata. 

1  Greek  a<h/v,  a  gland. 
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The  most  frequent  secondary  change  found    in  these  tumors    is  /""// 

atitm  of  the  epithelium,  which  may  give  rise  to  the  formation 

of  smjiii  cueoue  masses  in  the  growth.     Dilatation  of  the  aaccnlea  and 

tubules  int"  ri/nt.*,  and  nutrnH  sit/lmiiu/,  are  also  common.      The  origin 

"i    e M  baa  several  times  been  traced  to  an  adenoma. 

Adenomata  almost  always  originate  from  pre-earwtfnj  glands.  They 
generally  grow  slowlv,  and  jiossibly,  in  many  cases,  from  some  hitherto 
quiescent,  congenitally  misplaced,  rudiment;  otherwise  it  is  difficult  to 
explain  the  complete  encapsulation  and  separation  from  the  normal  gland 
which  distinguishes  an  adenoma  from  a  localized  enlargement.  The 
latter  swelling  remains  in  intimate  relation  with  the  gland,  and  is  prob- 
ably often  of  inflammatory  origin. 


Adenomata  are  commonly  met  with  in  the  following  organs  : 
Mamma — This  is  much  the  most  common  seat  of  adenoma,  or 
rather  of  adeoonbroma,  lor  a  glandular  tumor  which  is  structurally 
mdt-tinguiahablefrom  normal  breast -ti.-suc  is  very  rare  (Fig.  68).  The 
arrangement  of  the  epithelium,  the  number  and  sine  of  the  spaces,  the 
proportion  of  stroma,  ami  the  number  of  cells  it  contains,  are  more  or 
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less  abnormal  (Fig.  88),  hence  tin-  name  " ndenofibroma  "  i-  g 
moat  applicable.     They  arc  encapsuled,  and  an  round,  oval,  or  lobn- 
lated,  lying  in  or  on  the   breast.      They  arc  of  bun!  elastic  eon-sistrtier. 
The  surface  on    section    is    slightly   convex    and   not    cupped,  as   in 
chronic  cancer  (scnrAus).     It  is  either  tabulated  and  BbrooB-I 
or  shows  distinct  slits  and  a  racemose  structure  Bveo   to  fin  D  ll 
These  tumors  are  most  common  in  early  life.     They  may  be  multiple 


ArtrDodbroim  of  diiiibi      Shi:winn  n*«  rrtmlli  of  eluntl-jslructun  undiif  ninn«'ll»e  It 


Many  adcnoflbrontAta  contain  cysts,  which  may  be  very  numerous, 
vary  in  size  from   slight  dilatations  of  ducts  and  BOtni 
taining  some  ounces  of  yellow  mucoid   fluid,  which   may  be  reddish 
bfownnfa  ft'Hin  extravaaated  blood.    Many  of  these  cysts  are  lined  w 
cylindrical  epitheliam  like  that  of  the  gland-space*,  but  others  appear 
Ih-  formed  by  loculi/ed  softenings  of  the  stroma.    At  tir-t  they  appear  no 
section  U  irregular  and  branched  tis-ures,  then  iu   spaces  full  ■  .!'  ilnid  ;  in 
niliri  easea  they  are  almost  completely  lillcd  by  papillary  fibrous  gr->» 
projecting  inward  from  the  wall  and  covered  by  cubical   epiwelioi 
Tla-e  cystic  growths  are  called  ci/xti.-  tukimmnhi  ;  or,  if  the  stroma  i 
richly  cellular,  cytiie  tuientHHi-tvoimita.      Papillary  growths    havh 
adenomatous    structure  may  occur    in   the    mammary  duoti   I  I'iiT. 
The  BOB-tystic  growths  mnsi    be  distinguished  from   local   and 
hypertrophiea  nf  the  gland,  and  from  chronic  mastitis,  in  which  the  til 
Mania  i-  [em  localised  and  generally  includes  fat  and  atrophied  ac 
Ovary. — Adenomata  frequently  arise    in    the   ovaries.       The 
nt   the  growth  are  derived  from   ingrowths  of  the  germinal  epithelial 
of  the  surface  of  the  ovary,  while  the  fibrous  or  inyxomatoua 
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take  their  origin  from  the  stroma.  Of  the  original  acini  the  largest 
number  remain  little  more  than  microscopic  in  size;  some,  however, 
enlarge  considerably,  and  into  the  cavities  of  many  of  these,  compound 
papillary   ingrowths  occur  (Fig.  6!)),  consisting  of  a   framework   of 


papillary  growth  Innldc  an  ovarian  cyst,  [in .jtvi in z  fn.m  iis  wn!l  n.  ■).  k  cuTDiiiia  of  loose  con- 
nicilvi-  iinue  (o),  containing  ninny  [.rinulu^  cells,  revered  I  ry  u  layer  of  columnar  cell*  it) ; 
•renndnry  proceswi  «n-  ilhih.i-.hi-  (p).         _M      [Boyd.) 

-tmuiii  and  a  covering  of  columnar  cells  ;  while  a  still  smaller  number 
nf  acini  enlarge  enormously,  and  together  form  the  well-known  large 
Domponod  muftalooular  cvBte  'it'  the  ovary.  The  contents  are  clear  or 
turbid,  mucoid  or  gelatinous.  The  tumors  are  as  a  rule  innocent,  but 
if  carcinomatous  it  sarcomatous  developments  occur  in  their  interior, 
■hay  rapidly  asanme  malignant  characters. 

Kidney. — The  kidneys  are  the  occasional  seats  of  growths  some- 
what resembling  those  of  the  ovary,  and  tumors  apparently  derived 
from  misplaced  cells  of  the  suprarenal  body  (iti/jH'riirpltromata)  also 
occur  in  these  organs. 

Prostate. — In  advanced  age  some  of  the  tumors  which  form  in  this 
hodj  eootahi  glandular  tissue  as  well  as  muscle  and  connective  tissue 
■  yoma). 

Thyroid. — Apart  frofn  the  hypertrophy  of  this  gland  occurring  in 
endemic  goitre  and  Graves's  disease,  distinct  eneapsulcd  tumors  having 
the  structure  of  the  normal  thyroid  may  rarely  be  found. 

Parotid. — Pure  glandular  tumor-  art'  infrequent,  and  the  gland- 
..pitlieliiim  of  such  tumors  as  do  occur  is  generally  very  atypical. 
i-"ibrn:idcnoiniita  fire  commoner,  but   the  ordinary  "parotid  tumor"  is 
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mixed  growth  containing  carti  bullions,  myxomatous, 
MS.     The  other  salivary  glands  are  still    less  fjequeuth    I 

Liver. — Small  encapsuled  tumors  bavins  the  structure  of  tea  Ins 
have  been  described.     The  so-called   "multiple  adenomata,"  of  tl* 
liver,  associated  with  cirrhosis,  appear  to  be  sinipl)  duuw 
cells  cut  oft"  hv  septa  "f  newly  formed  fihrous   tissue.      Tin-  DOMMMd 
origin  of  primary  csooCT  in  such   livers  supports   tl"    bxpoth 
gestcd  to  explain  the  origin  of  tumors. 

Uterus. — The  adeoomyomau)  occurring  in  the  uterus  cm  lain  uw 
glandular   tissue. 


Glands  of  Mucous  Membranes.— Gland-tissue  enters  hugely  intoal 
structure  of  some  of  the  "  mucous  polypi,"  which  may  spring 
mucous  membrane,  especially  ns  a  result  -it*  cauirrh.     In  eonu 
is  probable  that  the  glands  primarily  enlarge,  then  project,  and  BidHj 
become  polypoid.      In  other  owes  it  is  siipjio-cd  (hat  localized 
"t"  ei  units  -tivt'    I  issue    from   hiilanmiaiion    may    lead    to    increase   of  thr 
rpitheliiil   structures  in  relation  with  it.      Polypi  of  the   nose,  stomach, 
intestines,  rectum,  and  litems  are  examples.      The  connectivi 
Bofl  and  cede tons  ;  the  surface  i*  covered  by  the  epithelium  of  the  put 

Sebaceous  and  Sweat-glands. — So-called  adenomata  of  them  riant! 
•re  uniform  enlargements  rather  tiia.ii  tumors.  Fig.  70  shows  a  aBtQ 
portion  of  ■■<  sebaceous  "ailei a"  from  the  chin  of  a  child. 

Anumjr   secondary   changes   arc   ra/rifiivitioit,  which    may   afifcot   the 
epithelial   masses,  and  wwijictifioit,  which  may  Lake  place  in  the  Bbfoni 
stroma.      Tumors  undenrning  the  latter  change  are  rare,  and  I  1 
called  "oateomata  of  the  -Kin"  (p.  ij.Y). 

Clinically,  adeu omnia  and  ndctiofibromuta   are  tdmosl    ini 
noccut.     They  may,  however,  occasionally  become  malignant.      -\  lr« 
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nr  which  clinically  and  microscopically  ap|>ear  to  lie  ordinary 
adenomata,  but  which  rerur  loeat/y  after  removal.  There  arc  also  cases 
on  recfinl  r.f  the  generalisation  of  ovarian  adenomata  as  well  as  of 
tumors  having  the  structure  of  the  normal  thyroid  gland. 

The  liiioinn  of  racemose  adenomata  are  sometimes  filled  up  with 
epithelial  cells;  it  is  then  impossible  to  distinguish  them  microscop- 
ically from  carcinoma  in  its  earliest  stage — that  of  multiplication  of 
epithelium — imiess  the  mass  has  penetrated  the  muscularis  mucosa?, 
when  its  malignant  nature  is  assured.  The  occasional  origin  of  cancer 
from  adenomata  has  been  proved,  both  microscopically  and  clinically. 

As  there  is  do  exact  line  of  division  between  sarcoma- tissue  and 
fibrous  tissue,  it  is  often  impossible  to  say  with  certainty  which  name — 
udriinjtbroma  or  a/Jenoaarcoma — should  be  applied  to  a  given  tumor 
containing  gland- tissue. 

CARCINOMA.1 

C'arcinomata  nr  cancers  arc  tumors  consisting  of  epithelial  cells 
lying   in  a   network  of  connective  tissue  (xlrtwui). 

Origin. — It  is  now  generally  believed  that  epithelial  cells  can 
originate  only  in  cells  of  the  same  type  ;  it  is,  therefore,  only  from 
null  .ells  that  careitiomata  can  spring.  They  may  arise  equally  in 
epithelium  derived  from  the  epibfaxt,  forming  the  skin  and  its  appen- 
dage*, the  mamma;  and  other  glands  ;  or  from  the  liiipobfatt,  which  lines 
the  alimentary  canal  and  gives  origin  to  the  great  glandular  viscera 
enmeeted  with  it.  Cases  haw  been  recorded  of  primary  cancer  in 
lymphatic  glands,  in  bone,  in  the  membranes  of  the  brain,  and  in  other 
place-  where  no  true  epithelium  exists.  Of  stich  cases  various  expla- 
nations are  possible.  (1)  Some  small  primary  growth  may  exist  which 
is  overlooked  owing  to  its  giving  rise  to  uo  symptoms,  the  tumor, 
whteh  is  apparently  primary,  being  really  derived  from  this  by  meta- 
Ji  Bome  abnormality  may  have  existed,  such  as  a  detached 
piece  of  mammary  tissue  lying  near  the  axillary  glands,  or  the  fh'tal 
inclusion  of  an  epithelial  rudiment  (p.  95).  (3)  There  are  certain 
kinds  of  CoiMic-liv.-lisHte  cells,  such  as  the  endothelium  of  bloodvessels 
and  serous  membranes,  which  are  indistinguishable  from  epithelium 
and  which  give  rise  to  tumors  morphologically  identical  with  epithelial 
growths  (riiilfttbrtitmiittii,  p.  128).  .Some  oilier  sarcomata  (alveolar  mr- 
(■"Hi'f,  ri//iinti'"iiiii)  also  resemble  carcinomata  so  closely  that  mistakes 
in  diagnosis  may  reasonably  occur.  (4)  If  the  theory  of  new  growths 
RUggested  on  page  9i)  is  tenable,  it  appears  possible  that  a  true  epithe- 
lial growth  may  originate  in  any  spot,  from  the  lodgement  of  a  mass 
of  epithelial  cells  displaced  from  their  normal  connections  and  carried 
thither  by  the  lymph-  or  blood-stream. 

Epithelial  cells  are  said  to  occur  around  cancers  lying  in  the  eou- 
tiectivc-lissue  spaces  isolated  from  the  growth  itself.  This  cannot, 
however,  be  used  as  an  argument  in  favor  of  the  development  of  such 
"s  from  connective  tissue,  since  cancer-cells  arc  undoubtedly  carried 
'  Greek  kAjhuws;  Latin  cancer,  a  crab. 
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away  by  the  lymph-stream  even  to  distant  pattg  if  (lie  body. 
delicate  chains  of  cells  one  or  two  inches   in   length  have  been   tr.i 
between  a  main  growth  anil  an  apparently  isolated   nodule-     Bo 
chain  might   easily  t>c  interrupted  and  cells  thus   lett    isolated,      It   i 
worthy  i>f  note  tiiat  very  few  cases  of  so-called   priman    i 
cancer    have   been    reported    since    microscopical    examination.*    tni-c 
become  uofB  exact. 

When  conditions  are  favorable,  and  a  canoer  originates  either  in  i 
growth  of  a  ranting  embryonic  rudimenl  (Cohnheim)  or  IVo 
epithelial  cells,  it  tends  to  grow  through  any  basement-membrane  t 
may  exist,  ami  spread  along  lymph-.- paces  and  eharmeU  in  Uw  OBd 
live  tissue.     Epithelial  cells  thus  lie  in  the  lymph-current,  where  tb< 
are  bathed  in  nutrient  fluid   and  are  able   to  multiply  rapidly  (p.  101 
Glandular  infection   is  iu   this  way  readily  produced.       The  afatpt  I 
arrangement  of  the  growing  cell-columns  depend  upon  die  t 
met  with  iu  their  progress  ;   when    resistance  is  great,  the  columns  i 
narrow  ;  when  it  is  slight,  they  widen  out. 

The  stroma  ol'  the  growth  is,  at  first,  formed  by  the  normal  c 
thi-ii»ue  bandies  of  the  part ;  but, as  the  tumor  enlarges,  irritation dl 
the  surrounding  parts  is  set  up,  round-celled  infiltration  occurs  at  tit-* 
advancing  edge  of  the  growth,  and  fresh  fibrous  tiaaue  is  formed  b* 

multiplication  of  the  connective- tissue  cells.      At  fir-t,  oilier  els ntan 

of  the  part  may  pentist  in  the  stroma  (eg.,  fkt-ceus  in  the  breast  am  1 
muscle- fibres  in  the  prostate),  but  such  enclosed  cells  rapidly  disn|>|  "ras- 
as the  tumor  advances. 

Growing  in  this  way  carcinouiata  are  scarcely  ever  cncapsiiled.  Ii» 
a  few  rare  instances,  tumora  having  the  structure  of  epitheliomata  may* 
Ik?  met  with  {e.g.,  in  the  soft  palate)  surrounded  by  a  definite  capattte- 
In  almost  all  oases,  however,  cancers  rapidly  infiltrate  surr-iin.dji! 
Hires.  In  many  cases,  a  zone  of  small -eel  led  infiltration  may  !»■  sru 
for  some  distance  beyond  the  borders  of  the  tumor,  so  that  there  i-  M 
line  of  ilemare;ition  between  it  and  normal  tissues. 

Structure. — It  lias  already  been  suited  that  isrctnomiln.  one 

epithelial  cells  and  connective-tissue  stroma.      The  cells  are  COM! 

need  by  their  large  use,  by  the  variety  of  their  form-,  and  hy  the  a 

nitude  and  prominence  of  their  nuclei  and  nucln 

Pio.71.  (Fig.  71).    They  are  round,  oval,  fu-ilbnu,  a 

date  or  polygonal— exhibiting,  in  abort, 

diversity  of  outline.      These  variation?    in  fi-nu 

are  princi'ially  owing  to  the  mutual    litlinilllll  to 

which  the  cells  arc  subjected   in   their  growth. 

The  nuclei  are  large  and    prominent,  round  01 

oval  in  shape,  and  contain  one  or  more   hri-~bl 

nucleoli.      The  nuclei  ale  nio-t  frequently  sunt. 

but  two  are  often  met  with,  and  in  tbe softer 1 

more  rapidly  growing  cancers  there  may  be  met, 

The  cells  lie  in  the  alveoli  in  more  or  leas  final 

ther:  ho  stroma  jximc*  brttrcen  than.     Thev  rapid 

changes.      Many  cells   may  be  seen   to  cunta 
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molecular  fat,  and  in  the  mitral  portions  of  the  alveoli  so  many  cells 
may  be  destroyed  that  the  growth  may  at  places  be  represented  by  mere 
amorphous  dftbris,  containing  here  and  there  the  tree  nuclei  of  those 
iiJii<li  have  perished.  Cells  exactly  similar  to  cancer-cells  are  met  with 
in  other  morbid  growths  and  in  the  normal  epithclia  :  there  is  thus  no 
M-t  btgnUhing  characteristic  of  canoer-ceDs. 

"  Jn  recent  yean  the  minute  structure  of  Ciireinoniata  has  been  sub- 
ivtul  to  a  very  rigid  examination  in  search  of  any  parasite  that  may 
present.  It  is  generally  admitted  that,  when  suitable  portions  of 
•  -ituus  tissues  are  hardened  and  stained  by  special  methods,  peculiar 
ipearnnces  are  to  be  seen,  the  exact  significance  of  which  13  still  in 
apole.  These  are  known  as  cancer-bodies  or  cell -en  closures.  They 
»ry  greatly  in  size,  being  on  an  average  somewhat  smaller  than  red 
•"i-pusclcs.  They  are  for  the  most  part  spheroidal  in  form,  and  have 
1  aoarply  defined  outline.  They  possess  staining  affinities  somewhat 
litferent  from  tbose  of  the  ordinary  cells  of  the  growth.  Their  sub- 
stance is  usually  homogeneous,  but  occasionally  mottled  or  granular. 
At  <>r  near  to  the  centre  is  a  small  deeply  stained  part  which  has  beeu 
supposed  to  represent  the  nucleus  or  nucleolus.  It  ia  usually  single, 
round  or  oval  in  shape,  and  there  may  be  a  faint  radial  striation  visible 
l«'t  ween  it  and  the  periphery  (Fig.  72).     The  number  of  cancer-bodies, 
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lol  Two  eomjilele  cnnc*r- bodies  In  a  Mnple  cell.     X  MO. 

:.  ihau  iiDierunuli'siLt  the  periphery  of  Iho  cell.    X  MO. 

i'I  i>ncfM.-Tf|y  wllb  n  dividing -1,-n.- :  ll„;  ■■•nnier-tinii  tlirenile  arc  shown.    X  MO. 

frfl  Cell  eonui!iing»elu«[er  of  smalt  canoer-bodics.     .-  lfino, 

out.    Faint  Mj-fl  are  seen  at  periphery  of  parasite,    X  1300. 
mCmcer-Wy  or  supposed  parasite. 

(Specimens  und  drawings  ijy  Kuffer.) 

or  fragments  of  such,  occurring  in  cells  is  said  to  be  generally  even,  and 
'  I-  baa  been  interpreted  as  l>eing  the  result  of  a  process  of  multiplica- 
ion  by  binary  division.  Spore-formation  has  been  said  to  occur  by 
obeerven,  but   is   not  generally  admitted.      Caucer-bodies   are 
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usually  found  enclosed  within  the  cells  of  the  growth,  but  they  have 
also  been  described  lying  in  the  alveolar  spaces  outside  the  cells,  and 
even  in  the  lymphatics  of  the  alveolar  walls.  Their  position  has  no 
ascertainable  influence  on  their  general  characters.  The  cancer-body 
may  occupy  only  an  insignificant  part  of  the  cell,  or  may  fill  nearly  the 
whole  of  it  and  displace  the  nucleus  to  the  periphery.  Still  more 
rarely  these  bodies  may  be  found,  singly  or  in  numbers,  within  the 
nucleus  itself;  in  this  case  they  are  generally  smaller  than  wrhen  found 
elsewhere. 

The  cancer-bodies  are  most  common  in  growing  edges  of  tumors 
and  in  secondary  deposits,  and  are  rarely,  if  ever,  found  in  degenerated 
parts.  On  the  other  hand,  there  is  no  evidence  that  they  excite  any 
unusual  activity  of  growth  in  the  cells  containing  them ;  indeed,  it 
appears  somewhat  rare  to  find  signs  of  nuclear  division  in  such  cells. 
As  degeneration  occurs  the  bodies  lose  their  sharp  contour ;  and  Ruffer 
has  drawn  attention  to  the  fact  that  this  not  infrequently  happens  when 
a  leucocyte  invades  a  cell  already  occupied  by  a  cancer-body. 

The  nature  of  these  bodies  is  uot  as  yet  definitely  ascertained. 
Soon  after  attention  was  first  directed  to  them  it  was  suggested  that 
they  were  parasitic  protozoa.  Ruffer  pointed  out  a  resemblance  to  the 
protozoa  of  malaria  (see  Malaria),  in  which  the  "  rosette-stage "  is 
similar  to  an  appearance  which  he  met  with  in  cancer-bodies.  The 
occurrence  in  rabbits  of  a  disease  of  which  the  morbid  anatomy  is 
somewhat  analogous  to  tumor-formation,  and  which  has  been  proved 
to  be  due  to  a  minute  organism  of  the  class  Sporozoa,  lent  additional 
weight  to  this  view.  Schaudinn,  however,  examined  many  specimens 
of  cancer  containing  these  bwlies,  and  was  unable  to  find  any  which 
he  could  regard  as  protozoa.  Other  observers  (Roucali,  Plimmer)  have 
identified  the  cancer-bodies  with  parasitic  fungi.  Plimmer,  indeed, 
succeeded  in  isolating  and  cultivating  (anaerobically)  certain  fungi 
from  cancers,  which  he  considers  may  possibly  be  found  to  belong  to 
the  saccharomycetes.  He  finds  that,  when  certain  animals  are  inocu- 
lated intraperitoneally  with  the  cultures,  death  results,  with  the  pro- 
duction of  endothelial  tumors;  and  that  cultures  from  these  growths 
will,  under  similar  conditions,  produce  similar  results. 

It  is  not  yet  satisfactorily  proved,  however,  that  parasites  of  any 
kind  are  constantly  present.  Many  l>odies  which  have  been  looked 
upon  as  parasitic  in  cancers  undoubtedly  admit  of  simpler  explanation. 
Thus  it  is  maintained  that  many  of  these  so-called  parasites  are  nothing 
more  than  the  appearance  produced  by  the  invagination  of  a  part  of 
one  cell  into  the  substance  of  another,  the  section  being  made  through 
l)oth  cells  parallel  to  and  just  below  the  surface  through  which  the 
imbedded  cell  enters.  Other  cancer-bodies  may  be  merely  leucocytes 
enclosed  within  the  cells  of  the  growth.  Another  suggestion  is  that 
these  bodies  are  due  to  endogenous  formation  of  new  cells  from  those 
of  the  original  growth.  This  may  either  occur  from  an  arrest  of  the 
process  of  direct  division  (amitotic)  or  from  some  irregularity  in  that 
of  indirect  division  (mitotic,  karyokinetic).     Instances  of  such  irregular 
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U.itvh .kitiH-^is  may  be  seen  at  times  in  cancer-cells,  there  being  11  tri- 
ptuar  or  quadripolar  arrangement  of  chromawmes  instead  of  the  usual 
bipolar  figure.  It  is  possible  tbiit  round  a  detached  portion  of  chro- 
nialin  a  cell  may  form  and  grow  rapidly,  but  may  yet  remain  a 
faghter-ocl]  within  the  substance  of  its  parent.  II',  however,  this  I»e 
fee  case,  it  is  difficult  to  see  why  the  daughter  and  parent  cells  should 
promt  ftOJ  marked  differences  from  one  another  in  their  stainiug- 
FaKtioiH.  The  most  probable  explanation  of  many  of  the  unusual 
JjMK&nncM  seen  in  cancer-cells  is  that  they  are  due  to  different  forms 
«  degeneration  of  the  cell-protoplasm.  Epithelial  cells  are  liable  to 
naages  whereby  various  substances  are  formed  in  them  (keratin, 
ivulinc,  colloid),  and  all  new  growths  are  specially  subject  to  rctro- 
'■iiattgis  in  their  constituent  cells,  The  s]iccial  forms  of  nuclear 
mvlnon  which  are  found  in  cancer  have  been  alluded  to  previously. 

The  stroma  present  in  eareinoniata  varies  considerably  in  amount, 
Uiiiu  much  more  abundant  in  some  specimens  than  in  others.  It 
ROUsism  of  a  more  or  less  distinctly  tihrillated  tissue,  arranged  so  as  to 
fonn  alveoli  of  varying  size  and  sltaj*,  within  which  the  cells  are 
[ruiiped.  It  is  not  closely  connected  with  the  cells  and  does  not  pone* 
r.iti-  between  them.  The  alveoli  communi- 
i'  one  another  so  as  to  form  a  con- 
i&ttcHM  cavernoua  system  (Fig.  73).  The 
tvetera  of  the  stroma  vary  with  the  rate 
t  growth  of  the  tumor:  if  this  is  rapid, 
p'Uml  ami  spindle-shaped  cells  will  be  pres- 
et (Fig.  75);  if,  on  the  other  hand,  it  is 
"l"\v,  the  ceils  wit]  he  few  ami  the  tissue 
*>11  lie  dense  am!  more  fibrous  In  character 
(fig.  76).  The  latter  is  the  condition  in 
ihicb  it  is  most  commonly  met  with. 

In  the  stroma  are  the  bloodvessels.    These 
Be  often  very  numerous  and    form  a  close 
network  round  the  alveoli.    They  are  limited 
i"  the  stroma  and  never  pass  into  the  epithe- 
lial masses.      Tins  distribution  of  the  blood- 
"-i  I-  i-  important,  a-  it  serves  to  distinguish  eareinoniata  from  sarciv- 
MBi  (p.  I  Hi).     Alveolar  sarcomata  and  endotheliomata,  however,  re- 
semble  eareinoniata    in    this    respect.     The    bloodvessels  leading  to  a 
•r.  aa  to  other  tumors,  are  often  greatly  enlarged.      The  cause  of 
(liis  enlargement,  and  the  mechanism  by  which  it  is  brought  about,  are 
BOl  well  understood.      Lymphatic  channels  communicate  freely  with  the 
ilvcoli.      This  explains  the  great  tendency  of  cancer  to  infect  lymphatic 
dands.      In  tact,  the  alveoli  of  the  growth   may  be  regarded  as  dilated 
niphalie  spaces,  along  which   the  epithelial  cnl urn ns  grow,  following 
M  Una  of  least  resistance. 
The  physical  characters  of  careinomata  arc  so  diverse  that  they  will 
be  Mcpiinitely  referred  to  when  the  different  varieties  are  under  considcr- 
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Varieties. — .lust    as    normal    epithe 


presents    several    variclie 
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■n'Mniis. 


squamous,   columnar  and    cubical,   bo  the   tumors   which   taring   from 
ditlcrcnt  epilhclin  arc  of  difi'crent  anatomical  structure,  inh> -i  : 
greater  or  leas  extent,  the  form  ami  tendencies  of  'lie  variety  <>f  <-pi(t*» 
lium  from  which  they  originate.      Thus,  cells  of  cancers  .-priiiping  tnin 
stratified  epithelium  tend  also  to  undergo  the  same  evolution,  ending  in 
eoru  iti  cat  ion,  and   in   many   cases  they   sbow   prickle-ceils,      (.'oltioinar 
epithelium   often   retains  its  typical   arningeinenl  ami  coiitinm 
round  open  ipaccs;  in  other  case*  the  cells  may  multipv  m 
these  space.-,  me  outermost   layer  of  cells  generally,  bowtver, 
a  cylindrical  abase.     Cells  of  acinous  glands  undergo  no  evolnl 
horny  change)  ;  by  multiplication  they  produce  evils  of  their  own  kind, 
winch  may  he  much   altered   in   shape  by  mutual  preflBUrc.       I 
retention  by  the  cells  of  ancestral  anatomical  oharacteff  is  1kl-.iI  th* 
e la ssili cation  of  earcimmiala  into  aouantou^,  columnar*-,  and  nfihrrouiiil- 
rtl/nl  varieties.      The  squamous  and  columnar  forms  arc  i-Jt.    : 
as  ryilhfUijiii'ttii ,  owing  to  their  resemblance  in  the  stnn-ture  ol 
covering  epithelium  ;   hut   the  cells  of  gland*   are  equally  epithelial  in 
character,  and  no  real   distinction   exists   between   glandular  oardoaajl 
and   epithelioma.      Indeed,  ancestral    peculiarities  are  not    aja 
tained.     Thus,  certain  cancers  springing  from  stratified  epithaliaia 
perhaps  from  the   small   glands   in   relation  with  it — undergo  no  horny 
change  and   an-   indistinguishable  from   spheroidal-celled  oan 


/ 


"•o^Bfer-* 


tumors  springing  from  columnar  epithelium  uuij  in  many  parte  pn-FCM 
an  exactly  similar  appea ranee,  or  mas  even  in  some  oaae*  (uterus;  biU* 
duct)   resemble  squamous  epithelioma,   exhibiting  formations  like  d* 
oell-neate  characteristic   of   tin-   latter   variety   of    tumor*.        I 
See  also  Metaplasia.) 

In  all  varieties  of  carcinoma  the  secondary  growths  tend  to  reptal 
the  peculiarities  of  the  primary  tumor.  Tin-  rate  -f  growth  und  ron- 
wqnent  proportion  of  stroma   present   may,  however,  vary ;  Beeoadu} 
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gtowtlu  in  internal  organs  often  developing  with  great  rapidity,  and 
being  softer  and  more  vascular. 

Secondary  Changes. — The  most  important  is  fatty  degeneration. 
This  occurs  in  all  the  varieties  of  oarcboma.     The  more  rapid  the 

growth]  ili"  eorlier  does  this  retrogressive  change  take  place.  It  pro- 
duces softening  of  the  growth,  which  is  often  reduced  to  a  pulpy 
cream-like  ronsi-Iencv.  llfiutiii-!i<tr/i\  jiir/iiii'iitiition,  witenitl  and  colloid 
degeneration  may  also  occur,  loading  to  cyit-O'i-mnfian.  Cysts  may  also 
In-  doe  I"  blocking  of  ducts,  as,  fur  example,  in  the  mamma.  Calcifi- 
cation and  true  tmifieation  arc  very  rarely  met  with.  Formation  of  an 
■  is  rare,  but  important. 

Clinical  Characters. — Cancers  occur  with  increasing  frequency  after 
die  age  of  thirty-five :  below  that  of  thirty  they  are  rare  tumors. 
They  occur  in  certain  organs  nt  an  earlier  period  of  life  than  in  others, 
carcinoma  of  the  mamroa  and  cervix  uteri  being  met  with  not  infre- 
quently in  comparatively  young  subjects,  while  that  of  the  lip  or 
M':-i'|i1i;i;Mi-  iiciiiTaHy  arises  in  elderly  persons.  The  litems  and  mamma 
are  the  seat  of  carcinoma  more  frequently  than  any  other  organ,  thus 
causing  the  female  sex  to  present  a  slightly  greater  ratio  of  deaths  from 
thi:-  disease  than  the  male;  but,  apart  from  these  organs,  the  incidence 
of  the  disease  upon  the  two  sexes  is  practically  equal. 

Primary  carcinomata  are  almost  always  single.  As  a  group  they 
are  among  the  must  malignant  tumors.  They  grow  rapidly,  widely 
infiltrate  surrounding  parts,  largely  infect  lymphatic  glands  (p.  118), 
and  ultimately  become  generally  disseminated  throughout  the  system, 
Unless  excised  very  early  and  very  freely,  they  recur  in  loco.  They 
frequently  break  down  and  give  rise  to  very  offensive  ulcers  which 
bleed  readily.  The  different  types  of  carcinoma  vary  considerably  in 
malignancy.  As  a  rule,  those  forms  of  acinous  cancer  which  exhibit  a 
-oi:dl  relative  amount  of  stroma  and  a  richness  in  epithelial  elements 
arc  tin-  most  Bpeedily  fatal.  Colloid  degeneration  appears  to  diminish 
hiiiliiMi.ioi'y.  Occasionally  an  encapsuled  tumor  is  met  with,  especially 
in  the  soft  palate,  showing  no  sign  of  malignancy,  yet  having  the  struct- 
ure of  acinous  cancer.  In  the  variety  known  as  "atrophic  scirrhus" 
the  duration  of  the  disease  is  not  uncommonly  from  ten  to  twenty  years, 
and  the  extension  only  local  and  glandular. 

Squamous  epithelioma  is  clinically  much  the  least  malignant  of  the 
cancers.  It  extends  locally,  breaks  down  early,  and  often  infects  the 
neighboring  lymphatic  glands,  but  it  comparatively  rarely  reproduces 
itself  in  internal  organs.  This  is  probably  owing  to  the  size  and 
character  of  its  epithelial  elements,  which  renders  them  much  less 
hnbli  to  transmission  by  the  blood-  and  lymph-streams  than  the  cells 
nf  the  other  varieties  of  cancer.  Its  malignancy  varies  curiously  with 
it-  seal  :  thus,  on  the  skin  of  the  face,  epithelioma  has  generally  a 
very  chronic  course,  and  rarely  affects  the  glands;  on  the  lip,  early 
excision  gives  a  lair  chance  of  cure;  on  the  tongue,  its  course  is 
often  80  rapid,  infection  of  the  glands  so  early,  ami  cachexia  and 
■  -]>cedy,  that  it  must  l)e  ranked  as  one  of  the  most  malignant 
tumors. 
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I.  Spheroidal-celled  or  Acinous  Carcinoma. 
This  is  often  divided  into  two  separate  varieties,  according  to  the 
relative  amount  of  stroma  and  cells,  the  harder  growths,  with  much 
fibrous  tissue  and  scanty  epithelial  cells,  being  known  as  sdrrhu,'  the 
softer  kind,  rich  in  cellular  elements,  being  called  enceplialmd  or 
medullary  carcinoma.     Encephaloid  and  scirrhus  cannot,  however,  be 
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regarded  as  in  any  way  constituting  distinct  varieties  of  carcinoma. 
There  are  many  intermediate  stages  Itetween  them  (common  cancer, 
wirrho-emvphatoifl,  Fig.  75),  and  it  may  happen  that  the  same  tumor 
presents  in  one  part  the  characters  of  scirrhus  and  in  another  or  in 
secondary  growths  that  of  encephaloid  cancer.  The  physiological 
prototype  of  this  form  of  carcinoma  may  perhajK-  be  seen  in  the  solid 
columns  of  epithelial  cells  which  are  produced  in  the  embryo  to  form 
the  glandular  viscera. 

1.  Scirrhus  or  chronic  cancer  is  characterized  by  the  amount  and 
density  of  its  stroma,  and  by  the  comparative  slowness  of  its 
growth.  The  hitter  point  probably  accounts  in  great  measure  for  the 
peculiarities  of  its  structure  and  physical  characters  (Fig.  76). 

The  epithelial  growth,  although  at  first  it  may  be  luxuriant  (Fig. 
75),  miickly  subsides.  The  cells  soon  atrophy  and  undergo  fatty 
degeneration.  They  are  most  abundant  in  the  external  portions  of  the 
tumor,  where  growth  is  taking  place  ;  in  the  central  portions  (Fig.  77) 
they  are  fewer,  and  may  be  almost  entirely  wanting. 
1  it  reek  eiuppor,  hard, 
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The  degeneration  of  the  epithelial   elements  is  prohnbly  due    to 
obliteration  of  the  vessels  by  the  scar-like  contraction  of  the  stroma, 


which  quickly  become*  hard  and  fibrous.     In  this  way  (growth  i>f  that 
part  of  the  cancer  is  arrested.     The  whole  of  the  mitral  portions  may 
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thus  ultimately  consist  of  dense  fibrous  tissue,  amongst  which  are 
scattered  groups  of  atrophied  epithelial  cells  and  fatty  debris  {atrophic 
aeirrhis) ;  but  even  in  these  cases  the  epithelial  structure  is  distinctly 
visible  at  the  periphery.  The  amount  of  atrophy  and  contraction 
varies  considerably  in  different  cases. 

The  physical  cliaracters  of  scirrhus  are  due  to  the  abundance  of  its 
stroma.  The  growth  is  firm  and  bard,  and  is  usually  depressed  in  the 
centre,  owing  to  contraction  of  the  fibrous  tissue  and  atrophy  of  the 
cells.  This  contraction  is  very  characteristic  of  scirrhus  of  the  breast, 
where  it  causes  retraction  of  the  nipple  and  puckering  of  the  skin. 
The  growth  is  very  hard,  and  creaks  as  it  is  cut.  The  surface  of  the 
section  is  generally  "  cupped,"  anil  of  grayish-white,  semi-translucent 
appearance,  like  that  of  an  unripe  pear.  It  is  more  or  less  mottled 
with  dots  arid  streaks  of  opaque  yellow,  due  to  iatty  epithelium  in 
alveoli  or  milk-ducts.  The  latter  may  be  cystic.  The  central  parts 
are  pale  and  fibrous,  the  more  external  are  pinker — l>ecause  contrac- 
tion has  not  obliterated  the  vessels — and*  less  firm  than  the  central 
portions  of  the  growth.  They  yield,  on  scraping,  a  juice  which  is  rich 
in  nucleated  cells,  free  nuclei,  and  granules.  The  outlying  parts  of 
the  tumor  can  lie  brought  into  view  by  the  local  application  of  a 
5  per  cent,  solution  of  nitric  acid,  the  affected  areas  appearing  as  opaque 
white  streaks. 

By  far  the  commonest  seat  of  scirrhus  is  the  female  breast.     It 

is  also  found  in  the  male  breast,  the  stomach,  the  liver,  the  pancreas, 

the  prostate,  the  skin,  and  the  mucous    membranes,  where  it  starts 

from   racemose  mucous   glands.     The 

secondary  growths  to  which   it   gives 

rise  are  often  enccpbaloid. 

2.  Encephaloid  or  acute  cancer  dif- 
fers from  the  preceding  in  the  greater 
rapidity  of  its  growth  and  in  the  con- 
sequently smaller  amount  of  its  stroma, 
and  the  greater  softness  of  its  con- 
sistency. 

The  epithelial  growth  is  rapid  and 
abundant ;  the  cells,  which  may  be 
either  larger  or  smaller  than  those  in 
scirrhus,  quickly  undergo  fatty  de- 
^cer'^Lh'.Ti'wr,  £££*£?£!  generation,  so  that  often  there  are  more 
nil*  or  the  alveoli  and  the  thinnns  of  free  nuclei  visible  than  cells  (Fig.  79). 
their  wsiia.    in  the  latter,  a  i«rne  The   proportion  of  stroma  is  verv 

□um.lx.-r  ipf  connective  tlsnue    nuclei  ■  ■  ,     *  ,       ,1  -j-.  t 

»ie  visible,   xm  small,  and,  owing  to  the  rapidity  ot 

its  growth,  it  is  much  less  fibrous  than 
that  of  scirrhus,  and  does  not  undergo  a  similar  cicatricial  contraction 
(Fig.  7K).  The  bloodvessels  are  often  very  abundant,  and  the  tissue 
supporting  them  is  soft  and  non-resistant.  Hemorrhage  into  these 
growths  is,  therefore,  frequent. 

Encephaloid  cancer  is  of  a  soft,  brain-like  consistency  and  appear- 
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ance  (from  which  its  name  ia  derived),  the  central  portions,  where  fatty 
degeneration  is  most  advanced,  often  being  completely  diffluent.  The 
tumor  ig  sometimes  more  or  less  lobulated.  On  section,  the  unde- 
generated  parts  arc  pinkish-gray,  soft,  and  translucent,  while  the 
degenerated  form  a  white  pulpy  mass,  which  is  often  irregularly 
etained  with  extravasated  blood. 


Sv|: 


Enri'pbalold  cancer  undergoing  necrosis  and  fattj  degeneration.     Tbe  nuclei  of  10 

cells,  especially  (boas  nearest  the  thin  fibrous  alveoli  are  stained,  although  their  proto- 
plasm ban  broken  op  and  1>  not  distinctly  marked  off  from  the  alveolar  walla.  The  out- 
line* of  a  few  of  tbe  reat  are  Kill  visible,  though  their  content*  are  granular  and  their 
nuclei  unstained.  Tbe  greater  number  have  been  converted  Into  a  mass  of  granular  nitty 
debris.    X ''-'*. 

Encephaloid  is  much  less  common  than  scirrhus.  It  is  most  fre- 
quently met  with  in  internal  organs  as  a  secondary  growth.  It  is 
sometimes  primary  in  the  testis  and  mamma.  It  may  fnngate  and 
bleed  (fungus  htematodeii).  Many  growths  formerly  described  as 
encephaloid  cancers  were  really  soft  sarcomata  (see  p.  1 20). 


II.  Squamous  Epithelioma. 

This  constitutes  a  tolerably  distinct  variety  of  carcinoma,  but 
transitional  forms  between  it  and  scirrhus  art'  occasionally  met  with. 
It  always  grows  from  a  surface  covered  by  squamous  epithelium,  either 
cutaneous  or  mucous  (the  junction  of  the  two  being  a  common  seat). 
Its  epithelial  elements  closely  resemble  those  of  squamous  epithelium. 

Many  of  the  cell*  (Fig.  80)  are  considerably  flattened  and  distorted 


in  shape,  resembling  those  of  the  superficial  layers  of  the  epidermis ; 
others  are  like  those  of  the  Malpighian  layer.     They  grow  down  from 
the  surface-epithelium  into  the  lymph-spaces  of  the  connective  tissue, 
and,  pushing  their  way  along   these,  are 
Fig.  80.  formed  into  solid  cylinders,  which  twist 

about,  branch, and  intercommunicate,  swell- 
ing out  at  some  points  and  becoming  con- 
stricted or  even  interrupted  at  others  (Fig. 
81).  Single  epithelial  cells  may  be  recog- 
nized here  and  there,  evidently  swept  on 
by  the  lymph-stream.  The  rods  cut  acres* 
appear  as  round  or  oval  masses  of  cells, 
of  which  the  outermost  are  usually  large, 
while  the  central  are  more  or  less  squamous 
and  form  a  yellowish  onion-like  mass. 
Sometimes  the  central  cells  appear  large 
and  vesicular,  while  the  outermost  are 
scaly  and  flattened.  These  concentric  masses  of  cells  are  called 
concentric  globe#,  or  rpltheliii!  nertx,  and,  though  not  distinctive  or 
essential,  they  are  exceedingly  characteristic  of  epithelioma  (Fig. 
74),     The  cells  forming  them  are  usually  fatty  and  may  be  bo  closely 
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packed  as  ultimately  to  become  hard  and  dry  like  those  of  the  nails 
and  hair;  the  globes  are  then  of  a  brownish-yellow  color  and  of  a 
firm  consistence.     These  globes  are  often  large  enough  to  be  readily 
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visible  to  the  naked  eye,  anil,  Owing  to  tin-  onion-tike  arrangement  of 
the  epidermic  wales,  they  usually  present  a  fibrous  appearance. 

The  stroma  presents  every  variation  between  rapidly,  growing 
emoiyonk  and  incompletely  fibrillatcd  tissue.  Il  may  be  tolerably 
abundant  or  almost  entirely  wanting.  Il  rarely  forms  such  a  marked 
alveolar  structure   as    that  which  characterizes  the  other  varieties  of 

carcinoma,  and .-tsts  -imply  of  the  HI  trims  tissue  of  the  [tart  more  or 

less  infiltrated  with  small  round  cells,  which  may  be  ultimately  replaced 
by  connective  tissue. 

The  development  of  squamous  epithelioma  is  due  to  the  down- 
grovtt  of  the  surface-epithelium  of  skin  or  of  certain  mucous  mem- 
branes into  the  connective  tissue,  and  deeper  parts,  as  is  described  on 
page  137.  The  tendency  of  epithelioma  is  to  break  down  and  ulcerate 
at  an  early  stage  :  the  breaking  down  is  due  to  fatty  degeneration  of 
the  cells,  and  not  to  inflammation. 

To  the  naked  eye  epithelioma  usually  presents  itself  as  a  small  hard 
ulcer;  as  an  indurated  fissure;  or  as  a  subcutaneous  nodule,  which 
subsequently  breaks  down.  The  surface  of  the  ulcer  is  irregular,  and 
may  lie  sloughy.  It  is  often  clean,  and  covered  by  large  firm,  bluish- 
red  granulations,  consisting  largely  of  epithelium;  more  rarely  the 
surface  t-  markedly  wartv.  The  tumor  itself  is  firm  in  consistence, 
often  more  or  less  friable,  and,  on  section,  presents  a  grayish-white 
granular  surface,  sometimes  intersected  with  lines  of  fibrous  tissue. 
The  cut  surface  yields  on  pressure  a  small  quantity  of  turbid  liquid. 
In  many  enses  a  peculiar,  thick,  crumbling,  curdy  material  can  also  be 
expressed,  which  often  comes  out  in  a  worm-like  shape,  suggestive  of 
sebaceous  matter  from  the  glands  of  the  skin.  This  material  is  very 
cbancteristie.  It  i-  composed  of  fluty  epithelial  scales,  and  on  being 
mixed  with  water  it  (l-<^  not  diffuse  like  the  juice  of  other  cancers,  but 
separates  into  minute  visible  particles.  It'  it  is  very  abundant,  the 
eSDcer  is  soft  and  friable,  and  the  material  can  be  seen  on  the  cut  sur- 
face a-  - I]  scattered  opaque  dots. 

Irritation  /'.«■  bettered  l<i  imr,  mure  h  do  with  the  causation  of  squamous 
cptohtBamn  Hum  of  other  kinds  of  cancer.  Some,  such  as  cancer  of  the 
scrotum  from  soot,  and  epithelioma  of  the  arm  iu  workers  with  tar  or 
palatini,  appear  to  be  due  simply  to  irritation  in  people  the  physiologi- 
cal resistance  of  whose  connective  tissue  i-  diminished  until  invasion 
by  epithelium  is  z'endered  easy.  Other  epitheliomas  occur  at  points 
H  Leu  .  the  pnteess  of  development  being  complicated,  errors  are  likely 
to  have  occurred.  These  places  have  been  already  enumerated  (p.  95). 
Many  of  these  are  points  exposed  to  irritation.  Squamous  epithelioma 
OBOfJlj  infects  the  neighboring  lymphatic  glands,  but  rarely  forms 
metastatic  growth  in  internal  organs. 


lH'i'inniiii'   ■*  l 


Rodent  ulcer   is  a  form  of  squamous  epithelioma  beginning  u  i 
pimple  iijioii  the  nose  or  check,  and   liable  t"  frequent  irritation  from 


rubbing  or  picking  After  a  time  it  breaks  down,  and  the  ulcer  thm1 
formed  slowly  spreads,  destroying  everything  that  it  meet-*,  includini! 
Iwmcs,  and  producing  the  most  hideous  deformity.  This  nun  ._■ 
many  years,  the  health  remaining  good  and  no  gland  being  affect«l. 
Rodent  nlmff  is  the  least  malignant  firm  of  cancer.  It  on-usii>u:ill.1 
shows  a  tendency  to  cicatrize,  and  at  place*  may  even  become  cnvrre.1 
with  normal  epitbelium.  If  differs  from  ordinary  squamous  cpitbi'lionu 
chiefly  hi  the  small  sine  of  the  cells,  in  the  absence  of  prickle-cells,  i" 
the  slight  tendeucy  the  cells  show  to  become  scaly  and  to  form  mA 
and  iu  the  ease  with  which  the  epithelial  columns  can  be  tnu*1' 
(Fig.  82).  Some  authorities  believe  that  rodent  ulcer  begin-  in  W 
root-sheaths  of  the  hairs  or  iu  the  gland-epithelium  of  the  skin.  1" 
BOOM  nuiW  hiving  (he  characteristic  history  of  rodent  ulcer,  tin-  rinflt- 
lire  is  that  of  typical  si[uamous  epithelioma. 

III.   Columnar  Epithelioma. 

The  terms  ciluinnar  ejiitltf/hmn  and   uilcurM  r>n,cri-  are  ap] 
those   form-  of  epithelial  cancer  which  grow  from  mucous  in. 
with  columnar  (cylindrical)  epithelium — c.'/.,  the  stomach   and   in<«— 
tines,  and  especially  the  rectum  and  uterus.      Iu  these  tumors  tin-  epi- 
thelial elements  are  similar  to  those  of  the  mucous  membti 
which  they  grow.    They  are  cylindrical  in  shu|>c,  and  are  arrange!  per- 
pendicularly to  the  walls  of  the  alveoli  in  a  manner  precisely  an 
to  that  of  the  columnar  epithelium  on  the  mucous  surface   ii 
The  slower  the  growth,   the  mow  typical    the  gland-formation.     In 
rapid  growths,  and    in    recurrences,  the  cell-  are  small  and  the  htm  in* 
imperfect.      The  latter  may  l>e  filled  up,  and   the  growth  be  indistin- 
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gmababk  from  acinous  cancer,  except  liy  its  edge,  whore  a  low  columnar 
or  cubical  form  usually  persists  ;  Imt  tide  too  may  be  lost.  The  growths 
■  ""■'  oi  a  soft  and  often  gelatinous  consistence;  1 1  icy  show  a  marked 
tendency  to  undergo  colloid  degeneration.  These  tumors  cause  >•■•■- 
'nnhirv  growths  in  the  lymphatic  glands,  and  sometimes  in  the  liver, 
lung-.,  and  bones  :  the  secondary  tumors  possess  the  same  characters  as 
the  primary  cancers.  Columnar  epitheliomata  are  generally  less  malig- 
nant than  tlie  acinous  forms. 

At  an  early  stage  the  growth  penetrates  the  museularis  mucosa?  and 
invades  the  deeper  structures,  thus  differing  from  an  adenoma.  It  ulcer- 
ate- with  extreme  readiness. 


Colloid  Cancer. 

Colloid  cancer  is  simply  one  of  the  preceding  forms  which  has  un- 
tegODe  mucoid  or  colloid  degeneration.  Sarcomatous  and  other  non- 
ii-  growths  may  undergo  the  same  change. 

The  alveolar  structure  in  colloid  eancers  is  very  marked.  The  alveoli 
liavc  vi-rv  thin  walls  ;  they  are  large,  distinct,  and  more  i.r  less  spherical 
in  shape.  The  large  sine  and  distinctness  of  the  alveoli  is  owing  to  their 
distention  by  products  of  degeneration.  These  products  form  a  gelati- 
m  colloid  material,  which  i-  glistening,  translucent,  colorless,  or  yel- 
lowish, and  of  thr  consistence  of  thin  mucilage  or  size.  In  the  main 
it  is  perfectly  structureless  (Fig.  84);  within  the  masses  of  colloid 
material,  however,  are  imbedded  varied  numbers  of  epithelial  cells. 
These  cells  present  a  peculiar  appearance  :  they  are  large  and  spherical 
in  -iia|»,  ami  are  uisfnded  with  drops  of  the  same  gelatinous  material 
as  ibat  in  which  they  are  imbedded.  In  some  cases  they  may  display  a 
lamellar  surface,  their  boundary  being  marked  by  concentric  lines  (Fig. 
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'2-1).     It  would  appear  that  t lie  colloid  change  commences  in  thi  edDa. 
which  are  irrudually  destroyed  in  the  process.     In  other  came 
guidtahle  by  the  naked  eye,  the  cells,  with  the  exception  of  gl 
degeneration,  are  but  little  affected,  and  the  Bubstanoe  diatan 

alveoli  is  more  viscid  and  mucoid  in  character.    This  i-  doe  I  i 

■  /ri/ni'i-'iliiDi   of   tiie    intercellular  suhstance    rather   than    to   a  mlii.nl 

cliange  commencing  in  the  cells. 


Colloid  degeneration  is  most,  frequently  met  with  in  otaoen  >• 
abdomen,  especially  those  of  the  stomach',  intestine,  □ 
tonetim.      The  tendency  of  a  hdom  in  a  I  tumors  to  undergo  oDUpid  I 
cration  i-,  :it  jire.-ent,  unexplained. 
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OHOMO-IPITHELIOMA. 

The  name  chorio-epithelioma,  or  deciduoma  malignum,  has  been 
applied  to  a  peculiar  form  of  growth  occurring  in  the  uterus  after 
pregnancy,  and  associated  with  hydatidiform  degeneration  of  the  pla- 
centa. Histologically  these  tumors  consist  of  cells  resembling  those 
forming  the  covering  of  the  chorionic  villi  (Langhans'  layer),  but 
grouped  in  columns,  several  cells  thick,  instead  of  in  a  single  layer ; 


Cboiio -epithelioma  of 


along  with  these  are  found  masses  of  protoplasm  containing  many 
nuclei,  but  not  differentiated  into  cells  (Ryncytiuvi).  The  whole  struc- 
ture thus  closely  resembles  that  of  the  chorionic  villi,  from  which  the 
growth  is  supposed  to  arise.  The  great  pathological  interest  of  this 
form  of  tumor  is  due  to  the  apparent  possibility  of  one  individual — 
the  mother — being  "  infected  "  with  cells  from  another  individual — the 
foetus — these  cells  then  proceeding  to  form  a  malignant  tumor.  The 
facts,   if  rightly  observed,  appear  to  support  the  theory  of  tumor- 


154  TCMOBS. 

formation  set  forth  at  the  beginning  of  this  section  (p.  BB),     M.-r 
gn> wills  occur  in  the  lungs  and  other  parte,     Hemorrfaagi  ■ 
place  into  these  tumors,  bo  that  their  structure  i>  obscured, 
similar  in  structure  have  been  met  with  in  t lie  testis  and  tin 
tinuni ;  in  these  positions  tbey  are  to  be  regarded  as  teratoatsta,  anal- 
ogous to  dermoid  cysts. 

TERATOMATA.1 

These  arc  congenital   tumors  occurring  chiefly  us   projections  from 
the  sacral    region  (rwrt/f/i'iil  tuwtirx),  or  fmni  the  head  or  neck — [mint 

at  which  double  sters  are  often  united.     Sometimes  barat 

placed  «ithin  the  abdomen  or  other  jwin  of  thr  body  and  muse  r» 

actual  projection,     Boo f  them  are  due  t"  the  incltHdon  i 

feet  development  of  one  embryo  within  another  ;  other*  to  tin   i 
and  disorderly  development  of  a  portion  of  the  tissues  of  a  ams 
Teratoruata  are  most  complex,  ami  may  contain  all  tin-  li- 
ImhIv  up  to  ganglion-cells,  more  or  less  confusedly  mixed.      ' 
Ih   very  large  at  birth,  or  may  not  attract  notice  till  later. 

Dermoid  cysts  belong  to  the  same  group,     Their  walls  (Kil 


ho,  M. 


Dermoid  ejretnf  thr  Mtqr.    Slinwing  mil  tho  vtrnctiim*  or  Imp 
epithelium.  UlllailllllJ  ;>*plllLS,  flbruus  lluui:  or  cutis  Ytn 

o.iLi- k-i.».t..  ■■  \*  (Bore  i 

composed  of  skill  and  of  any  of  the  structures  ordinarily  arising  fnun 
skin.  All  varieties  of  connective  tissue  may  also  be  found  in  ' 
Thr  cysts  contain  epithelial  products,  coils  of  long  hair,  teeth,  i 
bones,  Tbey  may  occur  anywhere,  but  arc  commonest  in  th< 
testicles, and  subcutaneous  connective  tissue.  In  many  cars-  tl 
to  be  dm*  to  the  inclusion  of  a  piece  of  epililnst,  ami  are  anal 
■Greek  ripm,  a  DMfTSt 


the  implantation  -cysts  which  are  occasionally  produced  by  the  inclusion 
or  "  healing  in  "  of  a  piece  of  skin  during  life  (Fig.  87). 

CYSTS. 

In  addition  to  the  new-growths  already  described,  there  is  a  large 
class  of  formations,  many  of  which  cannot  be  regarded  as  "  tumors,"  in 
the  strict  application  of  tins  term.     These  are  the  cystn  or  cystic  tumors. 

A  cyst  is  a  cavity  containing  liquid,  gelatinous,  or  pultaceoug  ma- 
terial, which  is  separated  from  the  surrounding  structures  by  a  more  or 
less  distinct  capsule.  It  may  be  (1)  part  of  a  new-growth;  or  (2)  a 
pre-existing  structure  which  has  become  distended  by  its  own  secretion, 


Iniplanlallou-cyit,  In  abdominal  wail,  removed  on  the  au|ipi»itluti  (hut  it  *u  a  rvctii 
nodule  of  a  growth  removed  by  laparotomy  about  a  year  before.  It  was  probably  di 
the  growth  of  a  fragment  of  skill  which  had  been  inverted  at  Ihc  time  of  tlie  operation 
layered  from  it*  original  connections,    (from  u  spt'clinen  by  Dr.  Kollvslon.)     \  it. 


by  a  growth  from  its  lining  wall,  by  the  extravasation  of  blood  or  other 
fluid  into  it,  or  by  some  more  complex  process.  Only  a  minority  of 
these  come  within  the  category  of  new-growths ;  but,  for  the  sake  of 
convenience,  they  will  all  he  considered  together. 

The  accumulation  of  secretions  and  of  other  products  within  pre-exist- 
lnf  cavities  may  be  effected  in  the  three  following  ways : 

(1)  By  the  retention  of  the  normal  secretion  owing  to  the  closure 
of  the  excretorv  ducts,  as  so  often  occurs  in  sebaceous  glands  (refrntio»- 
eg*). 
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(2)  By  excessive  secretion,  the  cavity  being  unprovided  with  an 
excretory  duct,  as  in  the  distention  of  bursae. 

(3)  By  the  extravasation  of  blood  into  the  cavity,  as  in  the  sac  of 
the  tunica  vaginalis  (hcematocele). 

The  independent  formation  of  a  cyst  may  take  place — 

(1)  By  the  softening  and  liquefaction  of  the  tissues  in  some  partic- 
ular part,  owing  to  mucoid  or  fatty  changes,  or  to  colliquative  necrosis. 
The  tissues  around  the  softened  matters  become  condensed,  and  ultimately 
form  a  kind  of  cyst-wall,  as  in  the  small  subchondral  cavities  sometimes 
seen  in  rheumatoid  arthritis. 

(2)  By  the  collection  of  fluid  in  certain  connective-tissue  spaces,  and 
the  subsequent  enlargement  and  fusion  of  these  spaces.  The  surround- 
ing tissue  becomes  condensed,  and  forms  a  cyst- wall ;  and  this  may  in 
some  cases  become  lined  with  flattened  connective-tissue  cells  (endothe- 
lium).    In  this  way  a  false  bursa  is  formed. 

(3)  By  the  formation  of  a  cyst- wall  round  foreign  bodies,  parasites, 
or  extravasated  blood ;  the  wall  consists  of  fibrous  tissue,  and  is  the 
result  of  the  reaction  of  the  surrounding  tissues  to  the  irritation  pro- 
duced by  the  foreign  substance.  Smooth,  heavy,  sharp-edged  foreign 
bodies  are  particularly  liable,  during  the  process  of  "  healing  in,"  to 
produce  cysts  of  this  character,  especially  when  the  parts  are  not  kept 
at  rest.  Salzer  has  suggested  the  artificial  introduction  of  such  sub- 
stances when  adhesions  are  feared  or  a  false  joint  desired. 

Structure. — The  wall  of  the  cyst  will  vary  in  its  nature  according 
as  it  is  that  of  a  pre-existing  or  a  newly  formed  cavity.  In  the  former 
case,  it  will  possess  a  lining  which  will  present  the  same  characters  as 
that  of  the  gland,  serous  membrane,  or  other  structure  from  which  the 
cyst  originated.  If  the  cyst  is  of  independent  formation,  there  is  at 
first  no  endothelial  lining  to  the  fibrous  capsule,  but  one  may  develop 
later,  as  in  false  bursae.  The  cyst-wall  is  sometimes  firmly  connected 
with  the  adjacent  parts,  so  that  it  can  only  with  difficulty  be  separated ; 
in  other  cases  the  union  is  much  less  intimate.  Instead  of  being  a  dis- 
tinct structure,  it  may  simply  consist  of  the  surrounding  tissue  which  has 
become  dense  and  fibrous  in  character. 

The  contents  of  cysts  are  very  varied,  and  may  serve  as  a  basis  for 
their  classification.  In  the  retention-cysts  they  will  vary  with  the  nature 
of  the  normal  secretion.  Serum,  sebaceous  matter,  saliva,  milk,  seminal 
fluid,  and  other  substances  are  found  in  these  cysts :  they  are  more  or 
less  altered  in  character  from  having  been  retained  in  a  closed  cavity. 
In  the  exudation-cysts  serum  is  the  most  frequent  constituent ;  and  in 
extravasation-cysts,  blood.  In  those  cysts  which  originate  from  the 
softening  and  breaking  down  of  tissue  the  contents  are  formed  from  the 
products  of  degeneration,  such  as  mucin,  fatty  matters,  and  serum. 

Cysts  may  be  simple  or  compound.  A  simple  cyst  consists  of  a 
single  cavity  (loculus).  A  compound  or  multilobular  cyst  is  one  con- 
sisting of  numerous  loculi,  which  either  communicate  with  one  another 
or  remain  isolated.     Another  variety  of  compound  cyst  is  one  with 

1  Greek  ai/ia,  blood ;  k#a?,  a  swelling. 
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endogenous  growths,  or,  in  other  words,  a  large  cyst  with  others  grow- 
ing in  its  walls.  A  compound  cyst  may  become  a  simple  one  by  de- 
struction of  the  walls  separating  individual  loculi. 

Cysts,  are  frequently  associated  with  other  growths,  hence  the  terms, 
"  cystic  sarcoma,"  "  cystic  cancer,"  etc.  It  is  especially  in  those  growths 
which  originate  in  glandular  structures,  as  iu  the  mamma,  testicle,  and 
ovary,  that  this  combination  is  met  with.  The  cystic  development  may 
almost  entirely  obliterate  the  structure  of  the  tumor  in  which  it  takes 
place,  so  that  ultimately  the  latter  may  become  converted  into  a  mere 
congeries  of  cyste,  as  in  compound  ovarian  cystx  and  cystic  kidneys.  In 
other  coses  large  papillary  masses  of  the  tumor  grow  into  the  cystic 
cavities  {compound  proliferous  cysts).  Considerable  difficulty  in  deter- 
mining the  nature  of  the  original  growth  is  thus  not  infrequently  expe- 
rienced. 


Secondary  Changes.— These  may  take  place  in  the  wall  of  the 
cyst  or  in  its  contents.  The  cyst-waU  itself  may  become  the  seat  of 
new-growths,  and  produce  secondary  cysts,  villous,  glandular  and  other 
structures :  this  process  occurs  in  many  compound  ovarian  cysts  (p.  135). 

Fio.88. 


pan  or  the  wall,  and  U  if) 


It  may  also  be  the  seat  of  an  inflammatory  process,  which  terminates 
in  suppuration  and  granulation  ;  by  this  mean*  the  cyst  frequently 
becomes  obliterated,  its  contents  Wing  either  absorbed  or  discharged 
externally,  and  the  cavity  closing  by  granulation.  Calcification  and 
ossification  of  the  wall  may  also  occur.  The  contents  may  become  altered 
in  cliaracter,  thickened,  and  viscid.     Epithelial  elements  undergo  fatty 
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changes,  and  bo  give  rise  to  chulesteriiwrystals.     <  uleili<-ui. 
contents  is  also  common. 

Varieties. — Cysts  may  be  moot  conveniently  i liwitflnil  aeoofdmg  ■■■ 
their  mode  of  origin,  thus: 

I.  <  ^th formed  li;i  the  aecanutaHon  <;/"  ntbtttuteet  w&km  >hr  eooBii 

ef  pn-aaetxng  atrwtara. 

(1)  Retention -cysts. — Cysts  resulting  tVum  the  re  tent  inn  of  HP 

nuil  searedoiie.     These  include: 
a.  Stbaeaota  'W». — These  are  formed  by  the  ntauHO  at 

selilltll  in  the  seliaecons  glands.  Theeysts  |mi-h-s-  .urn 
tli iii  o.nneetive-t  issue  wall  lined  by  stratified  epithelium 
(Fig.  88).  They  contain  a  mass  of  fatty  epithetraaa*] 
its  products,  cbolesterin  and  amorphous  debris,  UstJ 
Bebweoue  cysts  ate  really  neoplasms,  mid  an 
n/xtir  adenomata. 
1j.  M'ivok*  VijxIh. — These  are  Conned  by  the  retention  of 
secretions  in  the  glands  <it"  mucous  membrane*. 

e.     t 't/xU  jnni)  tlir  fitriititnt  ,,/'  x<,;;ti<„,s  in  iitJn  r  pari  . 

ranufa,  from  occlusion  of  the  salivary  ducts;  myuA 

hydrocele  from  occlusion  of  the  tubulj  testis;  Mwmawrj 

cysts,  from  obstruction  of  the  lacteal  diicti  ; 

tome  compound  cyeto  o/  (Ae  ovary,  from  dilatation  of  W 

Graafian  follicles;  and  simple  eyah  >/  ta<  fei 

Eooa]  obstmctkm. 

(2)  Exudation-cysts. — Cysts  resulting  from  excessive 

cavities  unprovided  with  an  excretory  duct.    These  indoi 

bit ri# v,  i/aiti/lin,  tiifdrttfffi-x,  mniiitgoceUt,  cystic  bnntefumdit, 

and  many  cysts  in  t/w  broad  fyameni, 

(3)  Extravasation -cysts. — Cysts  resulting  from  axtnvssatioR  ;':" 

clnsed  cjtvilii'>,      These  include  In)  iinititrcl- ,  and  some  otirtf 
forms  lit'  saiiL'N in.  en-  cysts, 

II.  ( 't/ft-i  <>)    i m), f„  nil,  ill  m-iijh). 

(1)  Cysts  from  Softening  of  Tissues. — These  are  asp 

nmti  in  new  formations,  as  in  chondroma,  lipoma,  sarcona. 
etc. 

(2)  Cysts  from  Extravasation  into  Solid  Tissues — t. p.,  in'<>  baHl 


■Hit    1 


wthe. 


(3)  Cysts  from   Expansion   and    Fusion  of    Spaces   in    Connectii* 

Tissue — e.g.,  /nine  burxtr,  originuting  from    imtatkw  ami 
euidatimi  into  tin-  tMBtKa, 

(4)  Cysts  formed  around  Foreign  Bodies,  Extrav&sated  Blood,  at 

Parasites. 
|5)  Congenital   Cysts. — Many  |H-r>i*(cii1  foetal  structure 

PaTMJdflHH. 
(6)  Cysts  forming  part  of  the  growth  of 

— (eysnWeui  otUulom ,  hydatid*).    Set 


CHAPTER    VI. 


IRRITATION  AND  REPAIR. 

INFLAMMATION. 

Inflammation  is  a  clinical  term  of  great  age,  and  suffers  from  the 

ame  disadvantage  as  other  clinical  terms  adopted  by  pathologists,  inas- 

nuch  as  each  successive  discovery  concerning  its  nature  necessitates  a 

wider  divergence  between  its  clinical  and  pathological  connotations. 

For  centuries,  inflammation  was  known  as  the  condition  characterized 

by  the  presence  of  redness,  swelling,  heat,  and  pain — the  cardinal  signs 

of  inflammation.     Later  on,   two  others  were  added — tenderness  and 

impaired  function.     It  was  next  gradually  recognized  that  inflammation 

is  a  process  rather  than  a  condition  ;  and  it  was  accordingly  defined  as 

the  "  succession  of  changes  which  takes  place  in  a  living  tissue  as  the 

result  of  some  kind  of  injury,  provided  that  this  injury  be  insufficient 

immediately  to  destroy  its  vitality  "  (Sanderson). 

Modern  experiments  have  led  pathologists  to  consider  that  the 
processes  comprised  in  inflammation  represent,  and  can  best  be  de- 
scribed as,  the  reaction  oj  the  tissues  to  h-ritation.  The  reaction  of  the 
tissues  under  such  circumstances  is  very  complex  and  varies  both  with 
the  irritant  and  with  the  tissue.  It  has,  therefore,  become  increasingly 
difficult  to  connect  and  classify  all  the  possible  manifestations  of  this 
reaction.  To  avoid  these  difficulties  some  pathologists  have  advocated 
the  abolition  of  the  term  "  inflammation,"  on  the  ground  that  it  de- 
ceives by  suggesting  the  presence  of  a  single  process  which  in  reality 
has  no  clearly  defined  existence.  The  term  has,  unfortunately,  obtained 
too  firm  a  hold  on  pathological  conceptions  to  permit  of  its  being 
ttadily  discarded. 

In  this  chapter  we  shall  first  take  four  selected  instances  of  tissue- 
station  and  describe  the  phenomena  they  exhibit ;  then  proceed  to 
discuss  and,  as  far  as  possible,  to  explain  these  various  phenomena ; 
*nd  finally  conclude  with  a  description  of  the  varieties  and  causation 
°f  the  different  processes  which  are  at  present  regarded  as  inflamma- 
tory, including  the  repair  of  the  damaged  tissues. 

Reaction  of  Tissues  to  Injury. — 1.  Simple  Repair. — To  a  minute 
spot  in  the  centre  of  the  anterior  surface  of  the  cornea  Senftleben 
applied  a  solution  of  chloride  of  zinc,  which  soaked  through  the  dense 
anterior  corneal  lamina  without  destroying  it.  By  this  method  he 
(bund  it  was  possible  to  kill  the  corpuscles  immediately  underneath  the 
iffected  area  of  the  cornea  without  influencing  the  marginal  vessels, 
fhe  cornea  remained  quite  clear,  showing  no  naked-eye  change ;  but, 
d  the  third  day,  microscopic  examination  showed  that  the  swollen 
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corneal  corpuscles  round  the  dam aged  area  were  sin  Kiting  proceai 
By  normal  karynkinesis,  these  cells  gradually  replaced  (boat  oWn^d 
until  the  corneal  corpuscles  were  completely  restored.      In  this  mstonrr 
of  tissue-react  inn  we  have  simple  destractj m  the  one  baud  ami  sim- 
ple regeneration  on  the  other.      Instances  of  a  process  :>-  simp 
are  difficult  to  obtain. 

2.   Simple   Inflammation.      It   the  web  of  ;i  frog's  foot,  or  MM  mW 
piece  of  thin  transparent  tissue,  Ik.'  placed  under  a  microscope,  and  ihr 


Small  vein  in  niMPntcry  nl  t\ng.  after  •■ii1"»ure  for  half  an  hour  and  Irrigation  with  nalnolu 
lion.  •■,  rv<l  OMpwetw;  h,  U/OBoejU  -  aAnerini  to  wall  i.f  tHu  r,  rrA  rorpuwlta;  *  t«*» 
cfU*  trhleli  have  /waned  from  fMel;  e,  kucorytir  In  irl  of  neaping.  /.  ntnoiu  Daw 
-at"     IMudilk-1  from  Th..uia  i 

|j«ri  under  observation  he  touched  with  a  drop  of  chlorofon  I 
volatile  irritant,  a  definite  scries  of  changes  can  be  observed.  The  fir4 
of  these  is  a  distinct  (liUdation  of  the  arterioles,  then  of  the  veins,  and 
about  on  hour  afterwards.  of  I  he  capillaries.  The  dilatation  progrw* 
steadily  uml  is  acconi[Nmied  by  some  increase  in  the  length  ■■' 
sels,  so  that  they  Iwconie  slightly  tortuous.  The  itrieri.ile-  :.n  nil.  i-l 
roost,  lllen  the  Vein-,  and,  least  of  all,  the  capillaries.  This  rntup- 
nient  of  the  bloodvessels  i-  at  l he  ousel  accompanied  by  a  tenpanq 
iu;;l,niiioii  in  the  flow  of  the  blood.  If  the  injury  has  bo  o 
slight,  the  vessels  and  circulation  may  al  this  |>-iiiit  gradually 
The  normal  ;  but,  in  the  large  majority  of  eases,  bj  the  lime  die 
linn  is  complete,  this  acceleration  logins  1"  give  place  (a  pi 
retardation,  the  vesseU  -lil!  reinniniug  dilated.  Pulsation  CM 
observed  in  the  smallest  arteries  ;  and  the  blood-stream  i-  ito! 
for  the  observer  to  distinguish  the  individual  corpuscles  in  the 
laries    and    -mailer  veins    ami    sometimes    even    in   the   arteriole. 


tSFLAUMATION, 
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retardation  of  the  Ui«  id-current  may  take  place  rapidly,  and  is  always 
first  otMStnble  iii  tin'  veins. 

As  the  blood-current  becomes  slower,  the  axial  .stream  becomes 
broader;  ami  white  corpnsoks,  in  increasing  numbers,  fall  into  the 
marginal  stream — rolling  slowly  along,  stopping  here  and  there,  and 
finally  eOttlng  to  a  standstill  (Fig.  89).  Thus  the  smaller  veins  become 
lined  with  leucocytes.  Somewhat  similar,  but  less  complete,  changes 
occur  in  the  Capillaries.  In  the  meantime  the  distinction  between 
»xial    and    marginal    streams    completely    disappears,    and    the    vessels 

Km.  m. 


Subcutaneous  liwue  tome  distance  • 
veins  parked  with    '   I 
■  re  iicju'-.    i  IsMda  (In-  ICHaln  umiy  larger  cells  are  Men.    X  2»- 

became  tilh.il  with  both  red  and  white  corpuscles  (Fig.  90).  Actual 
:i< nt  shows  thai  the  vessels  may  Ik-  at  least  one-fourth  larger 
than  natural.  After  a  lime  all  onward  movement  ceases  in  the  capil- 
lar^ -,  and  their  contents  -way  to  and  fro  with  the  pulse.  This  is 
known  as  the  stage  ••(  exri!/"ti»it,  and  is  succeeded  by  that  of  atoms,  in 
which  no  movement  of  any  kind  occurs.  In  the  severest  cases,  throm- 
hoMfl  m»y  take  place ;  this  always  occurs  when  the  capillary  walls  are 
dead  (p.  32). 

If  a  small  vein  lincil  by  leucocytes  Ik-  carefully  watched,  some  of 
tin*  leucocytes  immediately  adjacent  to  the  wall  can  be  seen  gradually 
■inking  into  ii  and  passing  through  into  the  surrounding  tissues.  The 
actual  passage  of  the  leucocytes  through  the  wall  cannot  ordinarily  be 
observed.  Small  button-shaped  elevations  appear  on  the  outer  side  of 
the  wall  >if  the  vessel.  These  gradually  enlarge,  assuming  the  form 
of  irregular,  pear-sha|>oil  bodies  adherent  by  their  small  ends  to  the 
vessel-wall,  and   often    st-nd   mil    |ir >si-s  whilst  so  attached  (Fig.   89). 
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Ultimately,  the  small  pedicles  of  protoplasm  give  way,  ami  the  U> 
pustules  are  free  outside  the  venal.  A  similar  escape  takes  place,  bat 
to  a  less  extent,  from  tile  capillaries  (ilinpedeMn). 

As  a  rule,  in  inflammation  the  escape  of  white  corpuscles  grrotlr 
exceeds  that  of  the  red  (Fig.  91) ;  but  in  sonic  cases,  in  which  aims 
complete  stagnation  is  induced  in  a  large  nnmber  of  .■.-tj.ii 


usual  state  of  affairs  may  be  reversed  (Fig.  92).  From  such  i-apilbri* 
the  ml  corpuscles  pas-  out  in  great  numbers — probably  between  d* 
endothelial  cells — occupy  the  interstices  of  the  tissues,  and  give  tf" 
exudation  a  hemorrhagic  character.  Several  may  escape  in  M 
ftUcoession  from  one  place,  giving  rise  to  a  rod  spot,  visible  b  >l- 
nuked  eye  as  :i  pnnetiform  hemorrhage  (Fig.  97).  No  grow  nipt 
of  the  vessel-wall  occurs,  as  may  l»e  shown  hj  injecting  ilie  w 
On  the  other  hand,  when  rttardatttm  has  not  ciUmmated  in  utetsit,  Hi 
red  corpuscle^  remain  within  the  vessels  and  |Ktss  along  till 
inflamed  area,  whilst  the   leucocytes,  adhering  to  the  walls,   bccim*' 

elongated  and   pear-shaped   from   the   influeni f  the  passing  bit**!* 

sire.. is  jii-i  Ascribed. 

Both  red  and  white  corpuscles  at  iir-i  remain  near  uV 
whence  they  have  escaped  ;  1ml  they  are  soon  pushed  away  by  bA** 
corpuscle-,  or  washed  mi  liy  [lie  <—■■;! jmiiuT  Huid.  The  white  c-or|Hiscl'  ■ 
have,  in  addition,  their  own  peculiar  power  of  locomotion,  stitniilafJ 
and  directed  by  the  chemical  products  in  the  neighborhood  <>f  ft* 
irritation  {rliriiiolnj-in,  p.  179)  ;   liir  this    ivuson  they  may  ultimate!;.  !«' 
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(bund  far  from  their  place  of  egress. 
emigration  of  corpuscles  ceases. 


When  absolute  stasis  o 


Deeper  lajerof  cnti>  and  aubcutaneoua  rat,  a 
•preadlng  gangrene.  The  Intertilcet  or 
among  which  arc  a  Tew  leucocjlei.  e.l 
pviK-le..    x  1)0.    (Bojrd.) 


-I  distance  above  the  dead  part  In  a  raae  or 
tissue*  are  crammed  with  red  corpuactea. 

le:  /,  fat-eel  H:   r.e,   red   eor- 


While  these  visible 
of  fluid  than  naturally 


ire  in  progress,  a  much  larger  amount 
from   the  vessels  passes  into  the  sur- 


Coagulated  Inflammatory  exudation  Into  alveoli 
a,  alreolua  containing  fibrin  nlamitnti  and  a  1 
a  larger  proportion  of  eorpunclen :  c  and  d,  i 

fewblcwd-corpuaclM;  6, 

•IviMjlu*  containing 

rounding  tissues.     Moreover,  the  exi 

ided  fluid  differs 

in  composition 
the  vessels  the 

from  the  normal  lymph.     The  great? 

r  the  damage  to 

■ 
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more  nearly  the  exudation  approximates  to  the  liquor  Bangui 
llic  mater  the  number  of  corpuscles  it  contains  ( Fig.  93). 

By  the  time  all  these  events  have  occurred,  the  irritant  may  hair 
disappeared,  and  the  consequent  vascular  changes  just  described  haw 
begun  to  subside.  It'  the  extreme  periphery  of  the  inflamed  arm  )•■ 
closely  watched,  the  corpuscles  of  the  stagnant  blood  will  1" 
move  off  one  after  another,  until  a  slow  stream  is  rc-e~r:ilili-hed  I  humph 
the  inflamed  area.  This  stream  quickens  as  resistance  diminishes,  anJ 
contraction  of  the  vessels  follows  the  gradual  recovery  of  power  h 
their  muscular  coats.  Exudation,  first  of  corpuscles,  then  of  IbH, 
ceases,  and  the  circulation  again  becomes  normal. 

The  cells  are  re  mo  veil  mainly  by  the  lymphatic.;  the  exuded  bii 
also  escapes  by  the  lymphatics  and,  after  resloruiiini  of  (In-  rii 
by  the  veins  as  well.      In  the  Inter  stages  any   un removed   bload^BT- 
puscles  or  fibrin   undergo  fatty  degeneration,  and  tlm-   th< 
reitnival  of  the    inflammatory    products    is    much    facilitated.       In; 
endothelial  or  connective-tissue  cells,  which    may  have  been    ' 
by  the  irritant,  arc   replaced   by   multiplication  of  the  Htrvlvil 
and  the  recovery  of  the  inflamed  tissue  is  complete. 

The  changes    which   iH'ctir    in    the  hmlimj  of  wmtmU   furnish  pod 
illustrations  of  the  phenomena  of  inflammation  just  deJoribaL 

(1)  Healing  by  First  Intention. — If  an  incision  through  tin 
underlying  structures  1m1  made  by  a  sharp  and  perfectly  clean  instrument, 
and  no  subsequent    infection  of  (he  wound   be  permitted,  (lie  fbDowiaj 
otuuiges  can  !«■  observed.     The  incision  through  the  oapttlari 
ales  and   venules  will  be  followed   by  a  small  amount  of  ban 
and  the  damaged  vessel-  will  dilate.      If  no  large  bloodvessel  has  beta 
injured,  the  hemorrhage  will  quickly  cease,  as  the  divided  veaa  h 
plugged  by  thrombi— the  thrombosis  extending  in  each  vessel  t"  uni 
nearest  collateral  branch.     If  the  cut  surfaces  remain  apart,  and  sues 
blood  as  may  have  collected  on   them  he  removed,  they  will    . 

acquire  a  shiny  or  glazed  appearance.     This  glaae  i-  (on I  bj 

tinn  of  fluid  and  cells  from  the  neighboring  vessels,  in  the  man 
described  as  occurring  in  the  web  of  the  frog's  foot  At  fir-t  there  ail 
he  a  large  proportion  of  nil  corpuscles  in  the  exudation,  but  (his  pro- 
portion will  rapidly  diminish  and  the  coagulating  fluid  will  then  beonBI 
clear  and  yellow.  If  the  cut  surfaces  !»■  now  hroughl  into  exfl 
sition  throughout  their  whole  extent,  they  will  become  glued  together 
by  the  exudation,  sntue  of  which  will  infiltrate  the  tissues  in  the  imme- 
diate neighborhood  and  some  escape  between  (he  edges  of  tin 

thus  reaching  the  surfat f  the  -kin.      If  the  wound  i-  targe  ai 

and  the  exudation  considerable,  it  is  necessary  to  provide  chatootai ui 
facilitate  (he  esea]*  of  the  exudation.  The  same  events  will  cxvur  if  u» 
cut  surfaces  be  brought  together  directly  the  bleeding  has  censed. 

Microscopic  examination,  on  the  second  day  after  the  injuj  - 
the  cut  surfaces  of  the  wouncl  connected  by  a  narrow  layer  of  congulato! 
exudation  and  leucocytes;  while  the  tissues  in  the  immediate  □ 
hood  ill*  (he  incision  are  swollen  and  granular  and  much  infiltrated  with 
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tea.  These  are  apparently  instrumental  in  removing  such  minute 
portions  ut"  the  original  tissue  as  may  have  I  urn  killed  by  the  injury.  Ae 
the  leucocytes  disappear  they  are  gradually  succeeded  hy  cells  derived 
I'nmi  the  ridgbboring  uninjured  connective  tissue;  while,  ou  the  exter- 
nl  ( In-  wound,  the  epithelium  multiplies  and  covers  the  edges 
of  die  (round.  In  the  meantime  connections  are  also  established  between 
the  .'iii  veeBek  in  a  manner  that  will  subsequently  be  described  (p.  189). 
All  these  changes  may  lie  complete  in  a  lew  day.-; — less  than  a  week — 
though  they  often  take  longer  (Fig.  93) ;  but  it'  the  cells  of  auy  more 


Healing  of  au  infixed  wound  of  the  sUn  uniteif  T>y  suture— alxtb  day.  a,  epidermic  6,  coriuni; 
e,  flbrlnnus;  if,  hemorrhagic  exudate;  if,  newly  formed  v\>\  Un-inim,  i-imtiiitilruj  numerous 
karjoklnetlc  Bmin-s,  am)  ihowiiifc  epithelial  pliii;  iirojectiui:  nun  exudate  lying  benenlh  ; 
r.  karyoklnetlc  figures  xl  some  ilialuiuv  from  llm-  .if  incision  :  /.  new  ruimi'cttve  lissuc 
growing  from  conneetlye-Usiine  spae.es  and  containing  cells  with  karyukiiu'tic  figures  and 
bloodvessels  with  growing  wall]  ;  ;j,  ■liMl.ipiiiu  connective  i  issue  with  k-ui-'M-ytes:  h.  cullee- 

rJon  of  leucocyte*  sr  the  Inner  atieli*  "F  ih*  iv id  ■  i,  tllirublasta  lying  inside  the  eiudate:  t. 

•ebaevuus  glaud :  I,  sweatglaml      >:  7S.     iZiegler.) 

.[  i  issues  have  been  destroyed,  their  regeneration,  if  it  occur  at 
all,  will  not  begin  until  the  repair  of  the  connective  tissue  is  complete 
(Ft  M). 

This  Ibrm  ot  healing  will  not  occur  it  the  surfaces  of  (lie  wound  are 
left  gaping  superficially,  or  are  separated  in  their  deeper  parts  by  foreign 
bodies,  blood,  or  any  considerable  ipiantity  of  exudation  ;  nor  will  it  occur 
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if  the  surfaces  are  allowed  to  move  one  on  the  other  ;  nor  if  urj 
arable  portion  of  the  tissues  has  been  destroyed  ;  nor  if  pyogenic  organ- 
isms or  uny  other  source  of  irritation  are  admitted. 

It  often  happens  that  in  an  extensive  wound,  however  accural*  h 
adjusted,  small  collections  of  blood-clot  will  be  found  here  and 


Vessel 

Bome\ 


I*l«iMl.HN>  m. mill— itilcenlti  d«)\  ".  oplthcllun  :  b.  curium  :  r,  iiibmlnnmui  hi ;  d,  nwk 
in  tc«r  ttanw  "f  oorium  ;  «-.  Mwly- formed  epilheUM  ]»yer  i  /,  v«*wl>  In  >>iiIh-uu  ticoiu  «»r 
MM     <*.    iMoJiNoil  fnitii  Zli-Klrr J 

the  course  of  the  incision,  wherever  hemorrhage  from  an  imp 
plugged  vessel  has  caused  separutioti  of  the  surfaces.  At  an 
the  healing  process  i-  somewhat  different.  The  vascular  chnngi 
described  will  occur  and  the  clot  will  thus  become  surrounded  bj  n 
exuded  Unit!  and  leucocytes  ;  the  latter  will  gradually  penetrate 
and  destroy  the  red  corpuscles.  The  leucocytes  will  l»-  (bll 
cells  derived  from  the  fixed  cells  and  plasma -cells  of  the  sun 
connective  tissue;  ami  the  organ  i  wit  ion  of  the  muss  «ill  . 
t;.II..«  (p.  173). 

(2)  Healing  by  Granulation- — If  the  cut  surfaces  of  the  original 
wound  are  permit  fail  to  remain  apart,  ->  a-  to  form  a  large  and  opSI 
cleft,  the  healing  process  is  much  slower.  The  i/l'tzf  on  tlie  vamt 
of  tle>  wound  liijuefies  and  disappears  ;  a  larger  amount  of  the  d 
tissue  dies  ;  a  greater  tuunlier  of  leiieocvtes  make  their  way  from  thr 
vessels  to  the  surface;  and  the  vascular  phenomena  extend  over ■ 
somewhat  larger  anil. 


HEALING  BY  GRANULATION. 


The  uninjured  connective-tissue  cells  situated  immediately  below 
the  wound  gradually  multiply,  and  at  the  same  time  new  capillaries 
develop  from  the  endothelium  of  the  nearest  surviving  vessels  (p.  181), 
and  form  loops  which  penetrate  into  the  layer  of  leucocytes  now  closely 


A  gran uUl! nj;  s"ir!»™.    a, 
fletocb.)    tilagrammatl 

aggregated  in  the  most  superficial  stratum  of  the  wound  (Fig.  97). 
On  section,  a  few  days  after  the  injury,  there  may  be  seen,  immediately 
nlxive  the  Undamaged  tissue  at  the  base  of  the  wound,  numbers  of 
fibroblasts  in  various  stages  supplied  with  developing  vessels,  and, 
superficial  to  this,  leucocytes  and  fibroblasts  arranged  round  the  summit 
of  the  capillary  loops  so  as  to  form  a  number  of  small  red  points  or 
granulations,  from  which  this  method  of  healing  takes  its  name.  Thus 
the  wound  is  gradually  and  permanently  filled  up  by  the  multiplication 
Mt'  ili.'  surviving  connective-tissue  elements — plasma-cells  and  fixed 
cells.  As  the  granulation-tissue  reaches  the  level  of  the  skin,  the  epi- 
thelium at  the  surrounding  edge  multiplies  and,  gradually  extending, 
e.iver-  the  intervening  space.  Many  of  the  new  bloodvessels  subse- 
quently become  obliterated,  and  the  new  tissue,  known  as  scar-tissue 
(p.  174),  though  for  a  lime  pinker  in  appearance  than  the  surrounding 
parte,  becomes  later  on  whiter  and  denser  than  the  tissue  around  it. 
Healing  by  granulation  is  necessarily  a  much  slower  process  than  heal- 
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ing   by  first  intention;  while  infection   by   micro-or^ Uti 
likely  to  occur.      The  presence  of  organisais  mi  r hi-  sttrfnee  <■*'  ■•  l"« 
lilting  wound  will  lead  to  r I »«. ■  death  of  many  of  the  lau 
mwt  cases,  to  the  formation  of  jms  (p.  173). 


(3)  Union  of  Two  Granulating  Surfaces. — Wheu  two  surfaco  I 
naotuatod  as  above  descril>eil,  they  may  sometimee  !«■  caused  i>.  i 
if  brought  together,  thus  wiving  much  of  the  time  whif-h  wook 
required  tor  tilling  up  from  Mow,  The  presence  of  micro-organ 
and  iui]>crfect  drainage  will  prevent  such  union.  This  is  tbt  I  I 
which  ab-.'i-".'-  sli'iiihl  henl  when  ihcir  walls  are  allowed  In  fall 
gelhcr   by   evaenalion  of  the    poi  (,,.    171). 

(4)  Healing  Under  a  Scab.— This  form  of  healing  is  poadfafa  « 
the  wound   is  .-mall   ami   the  exudation  forms  a   s<-ab  as   it  ilrii-*  ■■ 

surface.      If   i^  not   con in    man,  except    in    superficial  i 

The  formation  of  granulation-  and  nar-tissue  takes  plaea  1 
Hoab,  as  als.>  doe*  the  inward  growth  of  epithelium.      When  I 


BEALTSO    UNDER  A  SCAB.  IBS 

th  the  seal)  is  completely  covered  with  epithelium,  the  scab  drops 
'I'll.-  dry  eoab  ia  l>iu  slightly  irritant  in  itself} and  doea  not  .putrefy. 
tempt  is  made  to  imitate  this  process,  when  wounds,  such  as  those 
itf  tu  cavities,  are  closed  with  collodion  ;  or  when  blood  or  tincture 


train   on    lint  is  allowed   to  dry  and  wcludc  the  o|>ening.     Such 
"  ;,  however,  dangerous  ;   iiir  if  .septic  ur  infective  organisms 
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have  entered  tbe  wound,  they  will   probably  excite  inflammation 
the  absence  of  drainage  will  be  most  prejudicial, 

(5)   Suppurative    Inflammation. — If  a    portion    of   a    culture  of 
.Stiijiltyt'M-orcii.*  pyogenes  aurem  be  injected  into  tbe  siilwiitanv  ■ 
of  a  rabbit,  the  organisms  thus  deposited  will,  under  ordinary  cimiru- 
stanees,  multiply  and  produce  an  abscess. 

In  the  QOtUM  "f  a  few  boUTB  vascular  changes,  precisely  similar  i. 
those  described  in  the  preceding  section,  can  l>e  observed  in  full  \>f~ 
grew.  Considerable  numbers  of  leucocytes  of  the  Urge  uuino 
and,  later  on,  of  the  multinucleated  variety  (p.  17*1,  make  i ln-i r  n(.j-  i r- 
anee  in  the  adjected  area.  Cocci  may  be  found  not  only  at  the  pan) 
of  inoculation,  but  at  some  little  distance  from  it.  Sime  will  lie  lying 
free  !ti  the  tissue,  but  most  will  have  been  taken  up  by  tbe  ocUfl  of  ill- 

t — whether  leucocytes,  fixed  connective-tissue  corpuscles,  or  anift> 
thelial  cells  of  the  capillaries. 

During  the  next   twenty-four  hours  the  cocci,  on  ihc  one  hand, 
multiply  rapidly  and  pas*  into  the  adjoining  lymph-spaces,  while  the 
multinucleated    lem-ocyles,   <>n     tin-    other     hand,    DoUecl     in    i 
iminlier^  until  they  have  completely  surnmiuled  llie  eoeci  (  b"ig.    I1- 

By  the  end  of  the  second  day  there  arc  generally  seveml  central 


Fiq.  99. 


8*cUiin  Umiuuti 

ItMftMMlfMaMllKnriL     A 

ilKhlmi  layer  •ml  On-  our  nkli>,  in 

I])-  In  th*  •  I'M'  "in-,  win 

k  living  nhown.     (Compare  Fl« 

S  of  cocci    imbedded   in,  and   surrounded    by,  a  well-defined    . 
of  leucocytes.     The  portions  of  the  original  tissue  in  which  the  n 
nf  cocci   lie  do  not   stain,  fur,  owing  to  the   proteolytic  action  of  tbe 

Sruduct*  of  the  cocci,  all  vessels  and  other  evidences  of  struct)] 
jsappeared,  except  the  multinucleated    leucocytes  with  which  the  ana 
liec-miic   mure    or   loss   erowded.      Many    of    the    leucocytes    dm* 
degenerative  changes  (fragmentation  of  nuclei),  but  in  ■ 
ol'  the  tissue-cells   in   their  neighlrnrhond,  are  any  evidences  "f  repair 
(kuyokinriiix)  to  be  made  out  at  tins  >-tage.     In  the  outer  pai 
Bone  the  tissue  i^  idso  crowdeii  with  leucocytes,  the  largi   unin 
variety  being  now  confined  t»  the  periphery.      hi  the  extreme  pcrintMry, 
persistent  remnants  of  the  original   tissue-cells  may  be  seen.      lleyotM 
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tin'  Botofl]  limits  of  this  mass  of  cocci  and  leucocytes  {<rAsee*s)  the 
>.>'--•  I-  we  dilated  and  present  the  vascular  changes  previously  de- 
-■  iil'i-l  .  while  here  ami  there  cocci  may  he  found  in  the  lymph-spaces, 
in    the    endothelial   cells  of   the  capillaries,  or   in   the   interior  of  the 

If  the  affected  area  lie  examined  a  few  days  later,  further  changes 
will  be  seen  to  have  taken  place.  The  centre  of  the  abscess  consists 
df  ococi,  leucocytes,  and  tatty  debris  in  an  albuminous  fluid  ( pit"). 
Around  the  pus,  which  is  immediately  encircled  by  a  zone  of  living 
leuericvtes,  a  barricade  of  new  cells  consisting  mainly  of  fibroblast* 
(p.  17:!)  has  appeared,  and  in  it  a  series  of  new  capillary  loops  in  con- 
nection with  the  neighboring  and  pre-existing  vessels.  This  constitutes 
tin'  so-called  yrrii<fr/.;/;<in-/i*«M' (p.  168),  and  forms  a  wall  in  which  there 
i  no  cocci  and  but  few  leucocytes. 


An  «l>«o«s  in  Ihe  (kin.  Tlie  horny  Inyer 
pushed  upward  hjr  the  subjicent  uhsr 
down  Ui  fiirw  *  rmity.  tbr  »»llfl  of  «'l 
j—re  FiR.  99.)    (Boyd.) 

If  tlie  pus  and  the  surviving  cocci  be  completely  removed,  and  the 
fSltHDCe  and  growth  of  other  organisms  prevented  by  antiseptic  pre- 
<-aittious  and  efficient  drainage,  the  cavity  will  disappear  by  the  gradual 
extension  uf  the  granulation-tissue  toward  the  opening  until  the  walls 
meet,  assisted,  in  sin ases,  by  the  collapse  of  its  sides.  The  per- 
manent obliteration  of  the  abscess-cavity  is  ensured  by  the  union  of 
the  walls  and  by  the  development  of  the  constituent  fibroblasts  into 
cicatricial  fibrous  tissue. 

If  left  unopened,  an  abscess  generally  extends  or  shifts  its  position. 
The  direction  of  its  advance  is  due  to  the  growth  of  the  cocci  and  the 
action  uf  their  products :  the  extension  is  marked  by  thrombosis  in  the 
diluted  vessels  and  necrosis  of  the  cells  they  supply,  as  well  as  by 
emigration  of  leucocytes  and  exudation  of  fluid  into  the  newly  affected 
area  just  beyond,  followed  bv  a  progressive  rcjH'tition  of  the  changes 
jnst  described,  Tlie  former  site  and  track  of  the  abscess  is  marked 
I  ■  'Ik-  formation  of  granulation-tissue  and,  later  on,  of  cicatricial 
fibrous   tissue.     The   progress  of  an  abscess   is   rarely  arrested  until 
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it  reaches  some  free  surface  or  ojmti  cavity,  upon  or  ml 
borate,  Ob  section  of  the  wall  of  a  spreading  abscess,  :>^  the  itej 
of  inflitiiitii:i(i.ui  cm  bo  soon.  In  the  centre,  necrosfe  j  bttevai 
as  we  pass  outward  from  the  centre,  thrombosis,  stasia,  reterdatioe 
flow — diminishing,  and  perhaps  giving  place  to  aooetenriion,  bden  I 
Donnal  circulation  is  reached  :  in  the  tissues  the  usual  i 
diapedeefean  tound  accompanying  the  retardation  of  the  UoodrAi 
This  account  explains  how  it  is  that  the  presence  of  mdiimi,  beat,  i 
ledi-mu  over  a  deep-eeated  swelling  leads  us  to  infer  the  ocenmnee 
suppuration  us  the  cause  of  the  ■welling. 

Diffuse  suppuration  is  a  similar  process  going  on  over  a  wide  an 
The  damage  to  the  tissues  is  often  more  intense  than  when  i 
phenomena  are  oiroumacribed,  and  it  is  by  no  means  nnoonu 
shreddy  sloughs  In  the  pus,  for  the  effect  of  the  injury  oa  •■ 
of  tissue  i-  so  great  u  to  oanse  death  of  targe  masses  of  cells  -iiunh 
neonslr.  Diffuse  sappuration  i-  generally  due  to  the  strrptooct 
pyogenes,  an  organism  of  cxccwliiurly  variable  virulence. 

Pus,  from  a  simple  abscess  occurring  in  an  otherwise  healthy  pem 

is  a  thick,  creamy,  opaque,  yeUowish-white,  slightly  visoid  fluid,  bbtb 

a  mint  odor]   an    alkaline  reaction,  and  i 

r  ho.  Ml  specific  gravity  of  1030  to  1033.     UOft- 

&.  tains   ton    t"   fifteen    per  cent,   nf  so"' 

/^T\.-  of  which   two-thirds  are  pr id,  afd 

/ft    V'  r<Nt    **lttv  m",u'r   "'"'   Sl11"-  wa™ 

{  ^Mflj  found  in  blood.      On  standing, 

>»J?r  -  into   a   dense  yellow   layer,    pu*-cary«*Ji*, 

.  and  a  clear  supernatant  Huid,  ti'fuor  pom. 

j  JRfcY  Pus-corpuscles  art.-  ti.r  the  most  part  iW 

n™*0*naWB  "f  r  leucocytes    of   the    multtnuoleai 

V]"Jr/  Tliev  are  more  or  leas  granular  and  BMthv. 

less  :tliey  usually  contain  »  Iripartite '1m- 

which  has  not  infrequently  nndd 
,!"     generative    fragmentation    (  1ml'.  101).     * 
small    minority  of  the   cells    may  be  still 
living  and  retain  their  aiivcboid  movement 

These  an  il"1  more  recently  migrated  leui ytes.     Acetic  acid  dean  ' 

the  cells  -m«\  renders  obvious  the  often  obscure  nucleus  i  Fig.  108) 
On  rare  occasions,  if  all   the  bacteria  !«■  destroyed,  a  ool lection 
pus  may  become  aanpsultd  by  the  uniform 
development,  round  the  fluid,  of  granulation-  F,u-  "r- 

tis.ue   and    it-    -uliseqiietil    ekmge  inln  h'ltnuis  "  -.  ' 

blame,     Snob   pus   may    long   remain  enoap-  •    ™ 

suled,  its  corpuscles  breaking  down  into  fatty  J               ? 

debris  ;  lint,  as  a  rule,  the  fluid  part  is  nlj-  pa»«orpu»i«  u  •mi  n 

sorbed,  and  a  mere  .,r  less  dry,  cheesy-looking  ■*■»■  **"*2*!S5 
mass,  consisting  o|  oeU-deoru  and  oholestenn 
.  El  in  ii"  capsule.   Thfa  termination 
is  most  commonly  met  with  in  the  so-called  cAronte  m/mcow  of  tub 
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When  a  granulating  wound  is  infected  with  pyogenic  organisms, 
the  superficial  cells  will  be  killed,  the  tissues  liquefied  and  pus  be 
formed  on  its  surface,  while  the  healing  process  will  be  consequently 
delayed.  If  the  growth  of  the  organisms  be  very  abundant  and  extend 
into  the  underlying  tissues,  the  same  phenomena  will  occur  as  in  the 
spread  of  an  abscess,  and  the  wound  consequently  become  larger.  This 
process  is  known  as  ulceration,  which  may  be  defined  as  progressive 
molecular  destruction  of  tissue  by  irritant  substances. 

(6)  Proliferative  Inflammation. — In  many  cases,  when  the  injury  to 
the  tissue  has  been  slight  but  long  continued,  or  when,  from  any  cause, 
it  has  led  to  a  considerable  formation  of  granulation-tissue,  the  inflam- 
matory process  may  end  in  the  formation  of  a  large  amount  of  new 
fibrous  tissue.  Spindle  cells  develop  around,  and  form  the  walls  of, 
the  capillary  loops  in  the  granulation-tissue  (p.  167),  and  from  these 
points  gradually  extend  through  the  new  tissue.  White  fibres  seem  to 
grow  from  the  periphery  of  these  cells,  while  the  cells  themselves  shrink 
until  little  of  them  remains  besides  their  nuclei.  The  new  fibres  also 
contract  and  many  of  the  capillaries  become  obliterated.  Under  these 
circumstances,  the  inflammation  is  termed  productive  or  proliferative. 

The  formation  of  this  tissue  is,  as  a  rule,  preceded  by  the  usual 
vascular  changes  (p.  1 60)  and  by  a  slight  emigration  of  leucocytes ; 
and  one  of  the  most  difficult  problems  in  morbid  histology  has  been, 
and  still  is,  to  discover  how  far  the  succeeding  fibrous  tissue  is  formed 
from  the  migrated  leucocytes,  and  how  far  from  the  pre-existing 
connective-tissue  corpuscles. 

Among  many  important  experiments  which  have  been  devised  to 
solve  this  doubt,  those  of  Sherrington  and  Ballance  may  be  quoted. 
These  observers  constructed  chambers,  formed  of  two  slightly  separated 
circular  cover-glasses  with  their  edges  cemented  except  at  one  spot, 
so  tliat  nothing  could  enter  the  space  between  the  two  cover-glasses 
except  by  the  one  small  aperture  which  remained.  These  glass  cham- 
bers were,  with  strictly  aseptic  precautions,  placed  in  the  subcutaneous 
tissue  of  dogs  and  were  removed  at  varying  periods.  In  some  cases, 
in  less  than  twenty-four  hours  after  the  cover-glasses  were  placed  in 
position,  leucocytes  had  entered  in  (considerable  numbers  and  had  dis- 
tributed themselves  all  over  the  enclosure.  Only  at  the  point  of  entry 
were  there  other  cells — plasma-cell*,  or  fibroblast*.  These  cells  differed 
from  the  "  pioneer  "  leucocytes  in  that  they  were  larger,  more  coarsely 
granular,  and  possessed  a  single  clear  oval  nucleus.  In  no  case  were 
transitional  forms  seen.  The  original  leucocytes  were  never  observed 
to  undergo  any  but  degenerative  changes.  The  fibroblasts,  on  the  other 
hand,  showed  greater  power  of  anueboid  movement  and  of  enclosing 
corpuscles  than  the  original  leucocytes.  It  seemed  evident  that  the 
fibroblasts  were  the  successors,  but  not  the  pror/eny,  of  the  leucocytes 
found  in  the  earliest  stages  of  inflammation.  Sherrington  and  Ballance 
considered  that  the  fibroblasts  were  one  of  the  normal  constituents  of 
connective  tissue.  Metschnikoff  maintains  that  fixed  connective-tissue 
cells,  endothelial  cells,  and  the  large  uninucleated  hyaline  variety  of 
leucocytes  have  alike  the  power  of  giving  origin  to  fibroblasts,  and, 
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therefore,  of  developing  into  fibrous  tissue.      At  the  pre*  i 
generally  conceded  that  the  fixed  cells  of  the  part— eonn.-n 
corpuscles  and  endothelial  colls — take  the  principal  share  in  the  forma- 
tion of  cicatricial    fibrous  tissue,  though    it    is  possible   th;il    the  lany 
hyaline   leucocytes  (p.  178)   also  take   some  part   in   the  process.     In 
the  tadpole,  tlie  formation  of  fibrous  tissue  from  leuoocytaa  lias  bass 

observed. 

The  new  connective  tissue  is  called  inflammatory  or  scar-tiitac. 
and  is  precisely  similar  to  that  formed  during  healing  by  ^ranidatinn 
(p.  Hi7).  At  first  it  is  highly  vascular,  just  as  a  recent  soar  is  redder 
than  the  surrounding  parts  ;  and  the  tendency  to  contract  ia  also  charec- 
teristW  of  this  new  fibrous  tissue.  It  is  useful  as  tending  to  draw  the 
edges  of  Wounds  together,  and  thus  facilitating  the  ovrigmwi 
thi'liiini  which  finally  covers  in  the  wound.  As  tlii-  proceed*  tbe 
eela  disappear,  and  the  scar,  in  the  course  of  some  weeks  or  tso 
becomes  white  us  compared  with  the  surrounding  pun-  Tin- 
(roefton  of  soar-tisaue  niay  produce  the  gravest  deformities,  a- 
sevcre  bums;  or  niay,  by  pressure,  cause  atrophy  of  gland-cells 
otlier  parts,  aa  in  syphilitic  oirrbosis  of  the  liver.     The  contraction 

must  marked  where  the  tissues  are  loose,  as  about  the  tcrotUtt, 
appaan  to  be  essentia]  to  the  prooess  of  healing,  for  a  oalloue  ulcer 
the  leg  will  ccuse  to  heal  if  contraction  of  the  new  tisane  be  pBWfatf 
by  the  infiltration  of  the  surrounding  tissues  and  their  ■dhaaJM 
deeper  pertB,     A  scar,  and  especially  a  tight  soar,  is  always  HtM 

secondary  changes,  -ih'Ii    as    ■tlr-',-«ti»ii  or  <irnyr<itrth   [rl„!,.i,l),  and  i- 
common    sea!    of  fjiilMiniiui.      Thr    tendoiiry   of  scars    is    to  disnj'|'j»r 
gradually. 

Gnuuilation-tissiie  does  out  always  develop  directly  into  w 
[faome  100X08  of  continued  irritation,  such  as  virulent  iniero-orgiinwii, 
be  present,  or  if  the  vascular  supply  be  deficient,  tin-  proei-s  m:o  i-1 
aCMted  or  delayed,  and  degeneration  follow.  The  normal  henliiuf 
prooess  is  dependent  forth  upon  the  general  health  of  tin?  pers* 
afleeted  and  upon  the  local  blood-supply:  in  conditions  of  phyaw 
exhaustion  the  granulation -tissue,  owing  apparently  to  defective  nutri- 
tion of  its  cells,  rimy  fail  to  lie  converted  into  fibrous  tissue,  rriiiiuin"- 

soft.  |ialc  and  gelati -,  and  secreting  thin  seropurulent  fluid.    Owing 

to  tin-  failure  of  the  norma)  process  of  contraction,  such  weak  graiml*" 

two-tissue  may  grow  above  the  level  of  the  surrounding  parts,  eoostV 

fating  *' exuberant  granulations" — tlie  " proud  flesh"  of  popular  per* 

lance.     Deficient   blood-supply    may    be    due   to    insufficient 

ment  of  vessels,  diminution  of  their  lumina  (as  occurs  in  gtimmstsli 

or  in  pressure  from  too  dense  packing  of  tlie  cells.      It  has  tn 

that    imperfect    blood-supply    is    accompanied    by    flic  develoj 

giant-cells;   these  arc   found    in    all    chronic  inflammations, 

rell  xyxtrm,  such   as    is  common   iu    tubereiili.-i-,  consists   of  I  jrijnt- 

eell   iu   the  centre,  surrounded    by  fibroblasts;    while  outsid 

and   intermingled   with   them  is  usually   found   n   wme  of   I 

(Fig.    103).     In    gimimatu   and   lupus-nodules    similar  structural  »f 
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content.     A  section    through   the   thickened    synovial   membrane   in 
case    of  chronic  arthritis   often  shows  the    following   appearances; 
xternnlly,  we  find  ordinary  granulation-tissue,  with  some  developing 
-tissue ;  passing  toward  the  joint-cavity,  we  next  find  a  layer  of 
trraative  cells  in  which  r/iant-wlti*  liecome  itirreii.siiiy-lv  numerous,  and 
■en  typical  giamt-eeR  m/siema  may  occur  ;  nearer  the  joint,  yellow  spots 
and    patches  of  fatty  degeneration    become  frequent  ;   and   the  surface 
ty  be  composed  of  granular  debris  in  whieli  cell-forms  are  no  longer 
tinguishable.     A  thin  piiriform  fluid  may  occupy  the  cavity  ;  it  Con- 
tois, however,  very  few  pus-cells,  lint  consists  mainly  of  fatty  granules 
— formed    by    defeneration    of  the    superficial    cells — suspended  in  an 
"mminous  fluid.      This  is  the   change   known  as  chronic,  mppimilion 
a  joint.      Chronic  abwxav*  may  form  elsewhere,  especially  in  con- 
ation with   hone — e.g.,  in  caries  of  vertebra?.      When  starting  from 
lie,  the  puriform   fluid,  formed  by  the  degeneration  of  the  granula- 
n- tissue,   presses    upon   and   distends    the   surrounding   tissues  and 


in iio lifted  Rlsni-pclt  occupies  the 
enelng  caseation  and.  outside  this,  a  lone  consisting 
less  extant,  of  li'iicocytes.  The  teucrx-yte*  are  must 
cation  Is  Dual  advanced.     X  260. 


verts  them  into  a  bag,  the  wall  of  which  yields  a  little  pus. 

n.  Explanation  of  the  Phenomena. — We  have  now  to  seek  the 
Explanation  of  the  various  phenomena  described  under  the  six  instances 
of  the  reaction  of  the  tissues  to  injury. 

Dilatation  of  the  Mowlrewh  with  acceleration  of  the  blood  current  may 

wobably  occur  in  two  ways.      (1)  irritation  of  a  sensory  nerve  is  well 

town  to  cause  dilatation  of  the  arterioles  in  its  own  area  of  distribution. 

i  of  an  irritant  not  sufficiently  intense  to  paralyze  the  vessels 

ill  -timulate  the  sensory  nerves  and  cause  this  reflex  heal  dila- 

over  a  larger  area  than  that  mechanically  damaged.    The  arterioles 
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dilute,  unii,  iIk1  Moi»l-|irv--im'  being  maintained,  :i  larger  quantity  (Jf 
blood  is  admitted  to  their  capillaries,  which  cannot  dilate  propurtino- 
ately.      The  blood-pressure    in    the  capillary  nr.;i-    i-. 
raised  in  proportion  to  the  increase  in  the  rnt>--i  eiimi  of  the  - 

arterioles'.    Under  these  circumstances,  aeeelerati >f  stream  »  ill  hbb- 

jwiny  dilatation  of  vessels.    The  walls  of  the  latter,  being  uninjured,  mm 
contract  after  such  dilatation.      (2)  Oohnhcim   found  that  dilatation  of 
tin-  vessels  in  the  frog's  tongue  followed  irritation  even  after  section  -V 
all  the  nerves,  indeed  of  everything  except  the  lingual  art  cries  and  win* 
The  dilatation  may  then  he  due  to  direei  action  of  th<-  it  litunt  ujxm  tit 
local  macular  nervous  system,  which  maintains  ■  certain  "  tone"  in  the 
vessels  even  after  section  of  the  sympathetic.     Dilatation  ofaffariaj 
•  liniiiii-lii's  tin-  resistance  to  the  How  of  hlmid,  injury  of  endntheliiuii  in- 
creases it.      If  the  former  is  in  exec-.-  of  the  latter,  rc 
blood-flow  will  ooenr.     Tlie  acceleration  is  not  seen  in  n  jmt; 
injured,  nor  as   the  result  of  tie  slow  action  of  croton   oil   on  a  part. 
The  acceleration  is  most  marked  in  the  outlying  parte  of  the 
area. 

Dilatation  of  the  litao'lrcxxelx  inth  retardation  ••/  the  i '>!<><» I '-cm-rent,— 
Retardation  soon  follows  upon  acceleration,  though  the  driving  fiircf 
continues  unaltered,  and  no  contraction  ol'  vessels  lias  occurred. 

That  tliis  retardation  is  not  due  to  any  change  in  the  blood  u  abso- 
lutely certain,  for  (1)  not  only  do  tlie  corpuscles  behave  in  ■  | 
normal  manner  josl  before  they  reach,  and  directly  alter  tiny  leave, tlir 
affected  area ;  bat  further  (2),  if  the  blood  be  replaced  by  milk 
fluid,  before  the  inflammation  is  induced,  precisely  the  same  dilatation 
and  retardation  will  occur.     Almosl  the  only  conceivable  cause  of  dew- 
ing is,  therefore,  increased  local  resistance,  due  to  alterations  in  to 
wall.     We  know  that  in  inflammation  tl"1  endothelial  cells  swell,  threw 
out  processes  anil  exhibit  phagocytic  powers.      Owing 
molecular  changes  the  cells  may  become  more  sticky,  or  ma;    pp 
rougher  surface,  and  thus  give  rise  to  increased   friction.     The  rapid 
passage  of  fluid  out  of  the  vessels  may  also  assist  in  delaying  tlie  blood- 
stream.    Our  knowledge  concerning  the  cause  of  dilatation  nnd  retanb- 
tion  i.-  still  very  imperfect.      Itoth  of  these  phenomena  may  .i. 
some  measure  on    the  chemical    influence  of  the  same   substance?  thu 
attract  the  leucocytes  into  the  surrounding  tissues  (chemotaxi*, 

Exudation  of  Fluid. — To  show  this,  l^assar  tied  a  canula  into  a  hrge 
lymphatic  of  each  hind  leg  of  a  dog.  He  then  stopped  the  otrcojatioi 
in  onr  leg,  anil  dipped  this  into  hot  water  I  l-JO1  F.),  thereby  exciting 
acute  inflammation.  On  removing  the  obstruction  the  Ivmph-slrwni 
from  the  canula  al  once  exceeded  the  normal,  and  soon  reached  eigk 
lime*  that  on  the  sound  side.  Al  first  the  fluid  was  clear,  but  after* 
time  increasing  nu miters  of  white  corpuscles  made  it  elotnlv,  and  nd  l 
corpuscles  were  also    found    in    small    nu  in  Iters.      Swelling    ol 

rhile  the  flow  of  lymph  was   free,  evidently  because  the  eiud*-    I 
tion  was  too  rapid  to  lie  conveyed  awa_\   Itv  the  lymph-channels  altor, 
even  when  fully  dilated.      letter  in  the  experiment  the  flow  diminished. 
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partly  because  exudation  diminished  as  pressure  on  tile  vessels  (from 
erlu-ion  beneath  the  skin)  rose,  and  partly  from  coagulation  in,  and  con- 
nqnent  Mocking  of,  lymphatics.  Tlie  lymph  collected  differed  from  the 
exudation  fluid  in  passive  hypcrcemin  in  containing  a  much  larger  pro- 
pnrtioii  of  proteid.und  in  having  a  much  greater  tendency  to  coagulation. 
This  latter  property  varies  with  the  number  of  white  corpuscles  which  it 
contains.  The  lymph  in  Lassar's  experiment  differed  from  liquor  san- 
guinis in  containing  less  proteid  and  having  a  slighter  tendency  to  coag- 
ulate. Tlif  nmijiiKiiliini  nj  hijiniiiiiinhifii  i-fl'ii^imi,  lii'irercr,  w  not  ••uhkIiiii/. 
In  the  most  acute  inflammations  it  contains  a  large  number  of  red  cor- 
puadee  :  in  less  severe  forms  white  corpuscles  are  greatly  in  excess  of 
nd.  In  the  mere  acute  inflammations  the  fluid  approaches  plasma  in 
Us  composition  and  tendencies  ;  while  in  the  less  severe  it  becomes 
rery  tike  the  fluid  which  exudes  in  passive  hyperemia.  It  also  varies 
■ooording  to  the  port  from  which  it  comes.  A  mild  degree  of  peritoneal 
Myfow— Qrfoa  will  produce  an  efVusion  continuing  a  larger  proportion  of 
pmtatd  than  a  far  more  severe  inlliiiiiiii'ifiini  flmilnl  In  ih<-  /-■;/  (p.  204), 
InllaiomatT.i'v  exmhtiion  is  generally  eoagulable.  Absence  of  coagula- 
tion  may  depend  on  the  action  of  some  restraining  substances,  such  as 
albumoaes,  or  on  the  solution  of  the  fibrin  by  some  ferment. 

The  increased  exudation  is  attributed  lo  au  increased  jiermeability 
of  the   irrmnl  imll   and,  to  a  less  extent,  to 

atnagea  in  the  capillary  pressure :  the  latter  fte-  io-i. 

i- 1  doubtful  factor. 

The  exudation  in  an  internal  organ  gives 
riae  to  distention ;  in  tile  subcutaneous  tissue, 

lema  (Fig.  104)  ;  on  a  mucous  surface, 

to  a  sticky  fluid  containing  mucin,  or  to  a 

firm  fibrinous  layer  on,  and  sometimes  in, 

the   lining  membrane;  on  a  senilis  surface, 

u>  a  thin  serous  fluid,  a  fibrinous  deposit,  or     infUtuinnioir  (edema  of  ■ 

a  purulent  accumulation.  aii^Ti "'"*'" "  el"'w.n.wo"' 

The  result  of  the  exudation  is  to  flush  the  x  v^    (Boyd.) 

jtirt,  thereby  diluting  and  often  distributing 

the  irritant— the  first  a  beneficent,  the  second  a  baneful,  effect.  The 
exudation  has  also  an  antagonisiie  chemical  elVeet  on  bacteria,  due 
largely  to  the  products  of  the  disintegrated  leucocytes  which  it  con- 
tains.    (See  Immunity.) 

Emigration  of  Corpuscles. — It  has  already  been  pointed  out  that  the 
escape  of  re<!  cwpuwfeti  is  a  purely  passive  process,  and  is  practically 
of  the  name  nature  as  an  ordinary  hemorrhage.  With  regard  to  the 
,  the  process  is  mure  complicated,  and  it  is  necessary  to  dis- 
tinguish between  the  parts  played  by  the  different  kinds.  There  are 
many  olas-itications  of  leucocytes  :  that  proposed  by  Kanthnck  and 
Hardy  i-  a  convenient  one,  and  will  )«■  adopted  here.  According  to 
ihfnn  observers,  the  colorless  corpuscles  may  be  divided  into  the  six 
following  varieties. 

(1|    lymphocyte*. — These  are  small  immature  leucocytes  formed  in 
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the  lymphatic  glands.     They  consist  mainly  of  a  nudflBH  with  a  small 
encircling  mass  of  protoplasm  ;  tiu>v  do  imt  possess  :i riii ■■! h ■■■  t  iiii.v.  incut-. 
and  are  not  phagocytic  (p.  179).      They  form  about  thirty  |»  |  • 
the  total  number  of  leucocytes. 

(2)  Hyalim'  fa'trix-i/h-*. — These  are  large  uni  nucleated  cells  withdrar 
protoplasm.     In  the  lower  animal-  they  are  frequently  met  h id 
(ii'luniir  Hiiid ;  they  possess  amoeboid  movement*  and  are  put) 

In   the   blood   they  rarely  form   more  than   2   per  eent.  of  the  total 
number. 

(3)  (hargcly  (Irnmilur  Oxifjtin'/f  1 A:\ifiM-yti-K. — These  are  the  ratinnfAilr 
M0i  of  Ehrlieh.  They  have  a  large  nucleus — often  kidncy-sha]«d  ■ 
hnrseshoe-shajied.  The  protoplasm  is  highlv  refractive,  ami 
coarse  granule!  Btaining  with  eosin  and  other  acid*  aniline  t\ye~.  Ttiev 
possess  amoeboid  movements,  but  arc  not  phagocytic  They  an'  ll(Ml 
as  rare  in  the  blood  as  the  hyaline  cells,  seldom  exceeding  4  per  cent. 
They  are  generally  the  first  cells  to  ap|>ear  in  an  inflamed  area,  aad  m 
probably  identical  with  the  wandering  cells  normally  present  in  o 
tive  tissue. 


(4)  Finely  fSmnuhr  Oj-yphiU  Leuaocytet. — These  an-  the  I 
crfln  of  Ehrlieh,  and  are  generally  known  as  the  muAtmtoIaateJ  /* 
although  the  nucleus  is  really  a  single  IhmIv  consisting  of  three  lobe** 
branches.  The  protoplasm  is  finely  granular.  The  cells  are  a 
and  phagocytic.  They  generally  form  between  50  and  80  per  ecu!  I 
the  leucocytes  in  the  blood.  Pus-cells  consist  almost  wholly  of  tl 
leucocytes. 

(5)  Oaartdg  Granular  BasipkUe  Lctteocyir* (Mast^x&a). — Thtwen 
respond  in  their  appearance,  habitat,  and  non-phagoevlie  properties  ■'; 
the  third  variety,  differing  only  tn  their  staining  affinity  and  |aM(  4 

(6)  Fiiifty  Granular  BamphUe  Leucocyte*. — These  umiwimiiil  in  '' 
same  way  with    the    limrth   variety  but  arc   somewhat   .-mailer. 
fbna  le-s  than  "•  per  cent  of  the  total  number  of  leucocytes. 

The  power  of  aim  el  mid  movement  ordinarily  jHissessi.il  by  lei 
is  sufficient  to  enable  them  to  leave  the  blood-stream  and  to  find  t 
way  into  the  tissues  in  inflammation.  That  the  process  of  emigratu*1 
is  not  a  passive  one  i-  shown  by  the  facts  (1)  that  these  corpuscles  p»^ 
out  long  before  any  others  ;  (2)  that  their  aiiKeboid  movements  nutf  b*" 
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observed  both  before  and  after  they  leave  the  vessels ;  (3)  and  that, 
although  absolute  cessation  of  the  circulation  generally  causes  arrest 
of  diapedesis,  in  some  cases  (tadpole)  this  is  not  so. 

We  have,  however,  still  to  inquire  (1)  why  leucocytes  collect  in  the 
vessels  of  an  inflamed  area  ;  (2)  why  they  tend  socially  to  pass  out  at 
that  place ;  and  (3)  what  is  the  result  of  their  emigration. 

(1)  It  has  been  proved  experimentally  that,  if  the  velocity  of  the 
circulation  be  gradually  reduced,  the  leucocytes  and  the  blood-platelets 
are  the  first  constituents  of  the  axial  stream  which  tend  to  fall  into  the 
periaxial.  It  is  uncertain  why  this  occurs.  That  it  is  not  due  to  the 
low  specific  gravity  of  the  leucocytes  seems  clear ;  for  if  their  specific 
gravity  be  artificially  increased,  by  the  ingestion  of  particles  of  ver- 
milion, the  tendency  to  margination  is  in  no  way  affected.  Once  in  the 
periaxial  stream,  itself  moving  at  a  slower  rate  than  the  axial,  the  leu- 
cocytes, rolling  along  the  side  of  the  presumably  roughened  wall  of  the 
vessel,  will  naturally  tend  to  lag  behind.  Probably  the  principal 
force  causing  their  detention  in  the  periaxial  stream  is  the  same  as  that 
which  attracts  them  through  the  walls  of  the  containing  vessels. 

(2)  It  is  well  known  that  the  mere  presence  of  particles  of  metallic 
copper  in  the  tissues  of  a  part  (anterior  chambers  of  the  eye)  will  cause 
leucocytes  to  collect  in  the  neighl>oring  vessels,  to  pass  through  the 
vessel-walls,  and  to  approach  the  seat  of  the  metallic  particles.  This 
attractive  power  is  known  as  chcmotaxw.  It  seems  to  be  possessed  by 
the  diffusible  substances  produced  by  most  pathogenic  bacteria  during 
their  growth  in  the  tissues. 

There  are  two  groups  of  experiments  which  are  capable  of  explana- 
tion on  this  hypothesis.  In  the  find,  various  organisms  and  chemical 
substances  have  been  introduced  into  the  tissues — generally  in  glass 
tubes,  subsequently  broken  in  xitu.  As  a  result,  various  degrees  of 
inflammation  and  consequent  dia|>edesis  have  occurred,  certain  organ- 
isms leading  to  the  aggregation  of  special  kinds  of  leucocytes.  In  some 
instances  the  subsequent  introduction  of  some  other  substance  has,  by 
ite  repellent  action,  arrested  the  emigration  already  in  progress  {negative 
chemotaxis).  Thus  Metschnikoff  has  shown  that  if  a  frog's  mesentery 
be  moistened  with  a  solution  of  quinine  no  diapedesis  will  occur,  though, 
from  their  subsequent  behavior,  it  can  Ik*  shown  that  the  leucocytes  are 
not  paralvzed.  By  the  aevoml  group  of  exj>eriinents  it  has  l>een  shown 
that,  if  substances  possessing  a  ]>ositive  chemotactic  influence  be  intro- 
duced into  the  circulation  and  subsequently  into  the  tissues,  their  usual 
effect  will  by  this  means  be  neutralized  and  no  emigration  result.  It 
seems  to  follow,  therefore,  that  the  aggregation  and  emigration  of  leu- 
cocytes at  an  inflamed  spot  are  due  to  the  attractive  influences  of  certain 
stilmtances  existing  in  greatest  quantity  in  the  part  to  which  the  cor- 
puscles make  their  way  ;  while  the  vascular  changes,  including  the  dila- 
tation of  the  vessels,  the  lowered  rate  of  the  blood-stream,  the  margination 
of  the  leucocytes,  and  the  changes  in  the  vascular  endothelium,  an* 
mainly  due  to  the  action  of  the  same  substances  and  are  valuable  acces- 
sories in  the  process  of  diapedesis. 
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(3)  Attention  lias  already  been  directed  l"  the  observation  thai  tbt 
coarsely  granular  uninucleate*!  eosinophile  leucocytes  are   <<■■ 
appear  in  a  suppurating  area.     Though  these  have  no  power  of  pbagc- 

eyto-is,  llirv  have  been  observed  tn  apply  themselves  to  bacteria  and  to 
discharge  their  eosinophile  granules,  while  (lie  bacteria,  thus  brought 
into  contact  with  them,  degenerate.  It  has,  therefore,  been  inferred  dm 
these  leucocytes  have  some  secretory  properties.  In  the  process  jtm 
described  some  of  the  leucocytes  are  destroyed,  and  it  is,  therefore,  ab»> 
possible  that  the  products  of  their  disintegration  may  poaaoos  1 -acti-ru-iikl 
properties.  Thia  is  confirmed  by  tin'  observations  (1)  that  I 
contain  ft  nuclein  which  is  known  to  l>c  a  bactericidal  gubstana 
tlmt  inflammatory  exudations  are,  in  general  term-,  bactericidal  in  pn>- 
portion  to  the  number  of  leucocytes  they  contain.     (See  ImimtnUti,) 

While  it  seems  tolerably  certain  thai  the  leucocytes,  by  their  secret**) 
and  by  the  products  of  their  disintegration,  exert  an  inimical  action  ■* 
at  least  boom  forme  '■!'  bacteria,  it  is  still  more  luqnestionable  thai  di 
is  not  the  only  defensive  power  possessed  by  leucocytes.  It  lias  loof 
been  shown  ihat  foreign  substances  entering  nnnebie  may  Ik-  in  non* 
ea-e>  dige-tcd  by  rliem,  and  in  others  may  lead    to  their  death.      It  hi? 

hecn  shown  by  many  recent  observers,  but  especially  by  Mel  ■ 

that  the  hyaline  and   multinucleated   leucocytes  also  poaaan  the  earn* 

power  of  taking  into  their  interior  living  bacteria  and  of  thus 

ing  them  (  phayoi'yffHtiM).      The  greater  the  virulence  of  the  bacteria  tbr 

led  marked  is  this  power  of  the  leucocytes,  and  the  lees   rapid)]  i?  :' 

exercised.     Moreover,  the  power  of  reaction  on  the  part  of  the  kna> 

nif-  is  subject  to  variation,  for  cultures  of  similar  virulence  do  net  |ip- 

dnce  the  same  results  in  all  individuals  belonging  to  the  snm<' 

In  this  way  the  multinucleated  ami    hyaline  leucocytes   are   enabled  w 

combat   and   destroy    living    bacteria,  n-    well   as    to   remove   <! 

degenerating  products  of  cell-action.      It  would  seem  that  the 

kinds  of  leucocytes  are  attracted  by  different  substances,  for  to  i 

(pleural,  cerebro-spinal)  produced  by  the  tuberele-baeillus  lym] 

predominate,  whereas  in  those  due  to  pyogenic  bacteria  mulun 

leiieocvu-s  are  found. 

If  the  lencocytes  are  not  attracted  to  the  seat  of  the  bacteria, 
their  chemical  nor  phagocytic  actiim  will  come  into  play  ;  :nnl, 
some  germicidal  influence  is  exerted  by  the  tissues,  the  bantal 
multiply  and  become  disseminated,  giving  rise  to  generalised  di* 

Clinical  Signs    of  Simple   Inflammation. — These    are, 
Mpcftfne,  jn'ii',  (amfamaw,  ond  impaired  /unction. 

Redntm  and  li-<it  may  lie  considered  together,  as  they  both 
Upon  the  quantity  of  lilmul  pausing  through  Vie  pari  in  a  unit  < 
A-  a   rule,  tin.-  quantity  of  IiIihhI  is  increased,  the  excess   bfJnaj 
marked  in  the  early  stage  of  the  process,  when   the  part   i-  bfxjp 
and    hot.       While    t,i.,-i   ,,f   it-    vc—d-    are    dilated,  the    velocity 
Wood-stream  through  them  is  not  appreciably  delayed;  hut  as 

i supervenes,  the  quantity  of  blood    passing    through    bV 

duiinisned.     Cohnheun  excited  inflammation  in  one  foot  of  a  i 
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then  measured  the  blood  returning  through  both  femoral  veins.  At 
first  the  delivery  from  the  injured  side  was  excessive,  sometimes  more 
than  twice  the  normal ;  but  when  diffuse  suppuration  or  sloughing  was 
induced,  and  the  circulation  in  a  large  area  consequently  delayed,  the 
delivery  became  markedly  less  than  normal.  Such  a  part  is  colder 
than  normal,  and  bluish  if  its  vessels  are  dilated  and  full,  but  mottled  or 
pale  if  they  are  compressed  by  exudation.  In  most  inflammations  the 
increased  circulation  in  the  outlying  vessels  is  more  than  sufficient  to 
compensate,  for  the  retardation  and  stasis  in  the  most  injured  parts  ; 
consequently,  the  delivery  from  the  veins  remains  excessive  throughout, 
and  the  part  is  red  and  hot.  Both  redness  and  heat  may  be  concealed 
if  normal  tissues  cover  the  inflamed  part.  The  skin  of  an  inflamed  foot 
may  appear  to  be  several  degrees  hotter  than  that  of  its  fellow,  but  its 
temperature  will  never  equal  that  in  the  rectum.  An  inflamed  pleura 
is  never  any  hotter  than  its  fellow,  and  may  be  colder.  The  local  rise 
of  surface-temperature  is  due  merely  to  more  rapid  circulation  of 
arterial  blood ;  excess  of  heat  is  not  produced  in  an  inflamed  part 

Swelling,  beyond  the  most  trivial,  which  may  be  due  to  dilated 
vessels,  is  the  result  of  exudation  of  fluid  and  corpuscles.  It  may  be 
entirely  owing  to  fluid,  as  in  hydrocele  ;  or  entirely  owing  to  small 
round  cells,  the  fluid  having  been  absorbed,  as  in  orchitis.  It  varies  in 
amount  with  the  distensibili  ty  of  the  part,  being  most  marked  in  such 
tissues  as  the  scrotum  and  eyelids,  and  least  marked  in  bone.  When 
due  to  fluid  (inflammatory  ozdema)  the  affected  part  "  pits  "  on  pressure, 
unless  it  is  very  tensely  stretched.  Swelling  from  cell-infiltration  is 
firm,  does  not  pit,  and  is  sometimes  called  solid  oedema.  In  cases  of 
slight  inflammation,  in  which  the  lymphatics  suffice  to  carry  away  the 
increased  exudation,  there  may  be  no  perceptible  swelling. 

Pain  and  tenderness  are  due  to  pressure  of  the  exudation  on  nerve- 
endings,  perhaps  also  to  chemical  irritation  of  them.  They  vary  directly 
with  the  sensitiveness  and  the  tension  of  the  part,  as  well  as  with  the 
rapidity  of  the  effusion  into  it,  as  is  seen  in  acute  suppuration  in  a  digital 
tendon-sheath.  Pain  is  often  throbbing  from  the  increase  of  tension 
produced  by  each  heart-stroke.  The  influence  of  increase  of  pressure  in 
producing  pain  is  well  shown  by  allowing  an  inflamed  part  to  hang  down. 

Impaired  function  is  due  to  the  fact  that  every  inflamed  tissue  is 
injured.  The  degree  of  impairment  is  proportional  to  the  damage  done 
to  the  essential  cells  of  the  affected  part. 

Fibrosis. — Reference  must  be  made  at  this  place  to  the  origin 
of  the  fibrous  overgrowth  which  is  frequently  met  with  in  many  organs 
of  the  bodv. 

It  was  formerly  assumed  that  all  such  fibrous  tissue  was  inflammatory 
in  origin — the  result  of  long-continued  slight  irritation — and  that  the 
atrophy  of  the  gland,  muscle,  and  nerve-cells,  respectively  associated 
with  it,  was  due  to  the  contraction  of  the  cicatricial  tissue  thus  formed. 
But  in  the  case  of  the  nervous  system  there  are  strong  reasons  for  be- 
lieving  that  the  atrophy  of  the  nerve-elements  precedes  the  development 
of  the  fibrous  tissue,  and  is  due  either  to  defects  in  the  blood-supply,  or 
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to  the  direct  action  of  such  poisons  as  syphilis  and  alcohol.  That  the 
fibrous  growth  is  not  inflammatory  in  its  origin  is  clear  from  the  facte, 
(1)  that  it  is  exactly  limited  to  the  definite  nerve-tracts  and  shows  no 
tendency  to  spread  beyond  them,  or  to  follow  the  distribution  of  the 
blood  or  lymph  vessels  ;  (2)  that  it  is  extremely  gradual  in  its  growth; 
and  (3)  that  it  follows  the  experimental  destruction  of  the  higher  parts 
of  the  central  nervous  system.  The  fibrous  overgrowth  in  such  cases 
is  probably  due  to  the  increased  vascular  supply  available  for  the 
skeletal  tissue  after  atrophy  of  the  nerve-elements,  though  it  is  possible 
that  the  products  of  the  degeneration  of  these  cells  act  as  irritants  to 
the  connective-tissue  cells  and  stimulate  their  growth;  but  to  some 
extent  it  is  more  apparent  than  real,  and  due  to  the  increased  concen- 
tration and  visibility  of  the  pre-existing  connective  tissue,  which 
necessarily  follows  the  shrinking  of  the  atrophied  parts. 

On  the  other  hand,  many  forms  of  fibrosis  are  clearly  inflammatory. 
Thus  the  cicatricial  tissue  succeeding  granulation-tissue  in  wounds, 
enclosing  parasites  and  infarcts,  or  occurring  in  gummata  and  tubercular 
lesions,  forms  the  final  stage  of  inflammatory  processes. 

The  position  of  the  fibrosis  occurring  in  the  liver  (cirrhosis)  and  the 
kidney  (granular  contracted)  is  still  disputed,  and  will  be  referred  to 
when  these  diseases  are  dcscrilxxl.  Adami  considers  tliat  non-inflam- 
matory fibroses  arc  due  to  the  effect  on  pre-existing  fibrous  tissue  of 
(1)  increased  arterial  supply,  (2)  venous  congestion,  and  (3)  lymphatic 
obstruction. 

III.  Varieties  of  Inflammation. — It  has  l>een  shown  that  necrosis 
and  degeneration  form  the  earliest  changes  in  the  tissues,  and  that  repair 
and  regeneration,  always  more  marked  in  the  connective  and  least  organ- 
ized tissues,  form  the  final  stage.  Between  these,  in  point  of  time,  when 
vascular  tissues  are  involved,  are  the  series  of  changes  in  the  vessels 
and  surrounding  tissues  involving  various  disorders  in  the  circulation, 
but  especially  a  marked  emigration  of  leucocytes  and  still  more  marked 
exudation  of  fluid.  These  various  phenomena — damage,  exudation,  re- 
pair— do  not  exist  in  the  same  proportion  in  every  instance  of  inflam- 
mation. Sometimes  the  necrosis  and  degeneration  are  very  marked,  while 
the  vascular  changes  and  the  subsequent  repair  are  comparatively  slight. 
In  other  hiscs,  particularly  when  surfaces  of  tissue  are  affected,  the  ex- 
udation of  fluid  and  the  escape  of  leucocytes  are  the  principal  changes. 
In  other  examples,  especially  where  the  connective  tissues  are  involved, 
the  proliferation  of  existing  tissues  is  more  marked  than  the  degenerative 
or  the  vascular  phenomena.  For  these  reasons  Leber  has  suggested  a 
useful  classification  of  inflammation  into  three  varieties :  (1)  degenera- 
tive, as  in  acute  parenchymatous  nephritis ;  (2)  exudative  or  infiltrative, 
of  which  suppuration  is  the  best  example,  but  which  also  includes 
catarrhal,  crou|x)us,  diphtheritic,  serous,  fibrinous  and  all  acute  forms  of 
"surface"  inflammations  (see  Diseases  of  Mucous  and  Serous  Mem- 
branes) ;  and  (3)  proliferative,  of  which  verruoose  endocarditis  may  he, 
according  to  Leber,  taken  as  the  tvpj.     The  difference  in  the  character 
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of  the  inflammation  depends  partly  on  the  tissue  affected,  and  partly 
on  the  nature  of  the  irritant  at  work.  Examples  of  the  different 
forms  will  be  found  in  the  sections  dealing  with  the  diseases  of  special 
organs. 

IV.  Etiology  of  Inflammation. — As  in  the  case  of  other  morbid 
conditions,  there  are  two  factors  in  the  inflammatory  process,  (1)  the 
irritant  and  (2)  the  tissues  upon  which  it  acts.  The  causes  of  inflamma- 
tion are,  therefore,  divisible  into  exciting  and  predisposing.  Sometimes 
the  exciting  cause  is  so  powerful  that  no  special  predisposition  is  neces- 
sary ;  but  not  infrequently  the  exciting  cause  only  gives  rise  to  inflamma- 
tion when  the  resisting  power  of  the  tissues  to  the  irritant  in  question  has 
been  lowered.  This  impairment  of  resisting  power  is  the  work  of  the 
predisposing  causes,  and  it  may  be  either  inherited  or  acquired  (p.  19). 
It  is  obvious  that,  in  cases  where  predisposition  is  necessary,  the  condi- 
tion of  the  tissues  is  as  essential  to  the  production  of  an  inflammation  as 
is  the  presence  of  the  exciting  cause  itself :  the  seed  and  the  suitable  soil 
are  alike  necessary  to  produce  the  plant. 

With  regard  to  the  nature  of  the  exciting  cause  or  irritant,  it  is 
always  some  chemical,  mechanical,  or  other  physical  agency.  Simple 
deprivation  of  blood-supply,  leading  to  the  formation  of  injurious  prod- 
ucts of  disordered  metabolism  in  the  surrounding  tissues,  is  enough.  If 
the  exciting  causes  be  of  sufficient  strength  and  be  continued  for  a  suf- 
ficient time,  they  cause  actual  necrosis  of  the  part ;  and  inflammation 
is  limited  to  a  narrow  margin  of  the  living  tissue  at  its  line  of  contact 
with  the  dead. 

Difficult  as  it  is  to  discover  the  cause  of  many  inflammations,  we 
should  bear  in  mind  the  very  obvious  fact  that  no  inflammation  ever 
arises  without  a  cause,  simple  or  complex.  A  spreading  inflammation  is 
due  to  a  spreading  cause ;  and  a  persistent  inflammation  (chronic)  implies 
the  persistent  action  of  its  cause. 

1.  Simple  or  Traumatic  Causes. — These  include  any  very  evident 
injurious  agencies,  such  as  mechanical  violence,  caustic  and  irritating 
chemicals,  excessive  heat  or  cold,  electricity  strong  enough  to  produce 
electrolysis  of  the  fluids  of  the  part,  and  prolonged  local  anaemia  with 
consequent  privation  of  nutriment.  It  is  characteristic  of  inflammation 
from  these  causes  alone,  that  it  has  no  tendency  to  spread  beyond  the  part 
originally  injured  nor  to  pass  on  to  more  advanced  stages  after  the  causes 
have  ceased  to  act.  It  is  well  known  how  slight  are  the  inflammatory 
changes  induced  by  very  severe  subcutaneous  injuries,  even  though  bones 
be  broken  and  the  capsules  of  joints  torn  ;  and  how  limited  is  the  in- 
flammation when  similar  injuries,  communicating  with  the  atmosphere  (e.  g.9 
compound  fractures)  are  treated  in  such  a  way  (antiseptically)  as  to  ex- 
clude all  infective  causes.  In  animals  the  effects  of  each  of  these  irri- 
tants can  be  accurately  studied.  Hiiter  injected  a  5-per-cent.  solution 
of  nitrate  of  silver,  or  a  similar  solution  of  chloride  of  zinc,  into  the 
muscles  and  other  tissues  of  animals,  and  thus  killed  the  part  acted  on. 
In  a  large  number  of  the  cases  the  inflammation  was  practically  limited 
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to  the  zone  immediately  surrounding  the  dead  tissue.  Other  experiments 
were  made  by  plunging  a  cautery  into  a  muscle  (Hallbauer)  and  bringing 
the  previously  divided  skin  together  over  the  injured  part,  antiseptics 
being  used.  Only  such  changes  occurred  round  the  eschar  as  take  place 
in  the  absorption  of  a  simple  infarct  and  its  replacement  by  fibrous  tissue. 
Here,  then,  we  have  examples  of  the  most  severe  mechanical,  chemical, 
and  physical  injuries  killing  considerable  masses  of  tissue.  In  each 
case  the  action  of  the  irritant,  though  intense,  is  localized  and  of  short 
duration.  Certain  parts  are  killed  absolutely,  and  inflammation  is  lim- 
ited to  a  narrow  area  surrounding  these.  So  soon  as  the  irritant  has 
ceased  acting,  the  tissues  tend  of  themselves  to  recover ;  hence  inflam- 
mation excited  by  such  causes  as  the  above  reaches  its  height  very  soon 
after  the  introduction  of  the  irritant,  and  soon  subsides  unless  some  fresh 
irritant  is  superadded.  This  is  frequently  seen  after  the  infliction  and 
proper  treatment  of  a  clean-cut  wound  by  a  sharp  knife  (p.  164).  A 
chemical  irritant  may  enter  the  body  at  a  distance  from  the  part  at 
which  its  chief  action  takes  place :  thus  alcohol  taken  by  the  mouth  is 
concerned  in  the  production  of  cirrhosis  of  the  liver ;  and  turpentine  or 
cantharides  mav  in  the  same  way  cause  inflammation  of  the  kidneys. 

In  this  group  come  inflammations  which  are  referred  to  cold  and 
wet — "  rheumatic  "  and  "  reflex  "  inflammations.  When  a  man  gets 
conjunctivitis  from  the  action  of  a  draught  upon  his  eye,  the  relation 
between  cause  and  effect  is  easily  comprehensible ;  but,  except  on  the 
hypothesis  of  greater  delicacy  of  nerve-tissue,  it  is  not  quite  so  easy  to 
understand  why  inflammation  of  the  facial  nerve  should  ensue  from 
exposure  to  cold,  whilst  a  great  thickness  of  superficial  tissue  seems 
uninjured.  But  this  difficulty  becomes  much  greater  when  internal 
organs  (lungs,  kidneys)  become  inflamed,  apparently  in  consequence 
of  cold  acting  upon  the  surface,  or  of  wet  feet.  In  these  cases  any 
effect  produced  by  cold  may  generally  be  regarded  as  predisposing. 
We  know  tliat  surface-cold  drives  the  blood  to  internal  organs  and 
raises  the  blood-pressure.  Can  this  produce  inflammation?  Lassar 
plunged  rabbits,  shorn  of  fur,  into  iced  water  and  thoroughly  chilled 
them  ;  he  found  changes  in  all  the  organs,  especially  the  lungs  and  liver. 
In  these  the  vessels  were  often  greatly  dilated,  the  arteries  thromlxased, 
and  the  veins  surrounded  by  patches  of  round  cells.  When  the  animals 
were  pregnant,  the  same  changes  were  noted  in  foetal  organs.  He 
l>elieved  the  changes  to  be  due  to  the  irritant  action  of  cooled  blood 
upon  the  vessels  of  internal  parts.  Perhaps  something  of  the  same 
kind  may  occur  in  man,  as  the  result  of  a  chill,  although  a  locus  minoris 
resixtnituv  or  the  presence  of  organisms  must  be  assumed  to  explain 
why  the  kidney  in  one  case,  and  the  lung  in  another,  is  affected.  Fre- 
quent exposure  to  cold  might  then  be  regarded  as  a  cause  of  chronic 
nephritis ;  for  the  temporary  albuminuria  induced  in  some  people  by  a 
cold  bath  shows  that  in  them  the  kidneys  may  be  easily  damaged. 

It  is  held  by  some  that  exvexxive  functional  activity  is  a  direct  cause 
of  inflammation — conjunctivitis  from  overwork  being  the  usual 
example. 
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Nervous  influence,  called  into  action  by  irritative  lesions  of  nerve- 
trunks,  appears  capable  of  directly  causing  a  process  resembling  inflam- 
mation. The  most  striking  instance  of  this  is  seen  in  herpes  zoster,  in 
which  a  cutaneous  inflammation,  manifested  bv  an  erythematous  and 
vesicular  eruption,  is  associated  with  neuralgic  pain  and  with  changes 
in  the  cells  of  the  posterior-root  ganglia  corresponding  with  the  nerves 
going  to  the  affected  area  of  skin. 

2.  Infective  Causes. — In  a  very  large  number  of  the  inflammations 
met  with  in  practice  there  has  been  no  obvious  mechanical,  chemical, 
or  physical  injury.  In  the  chapter  on  vegetable  parasites,  evidence  will 
be  given  to  show  that  many  of  these  inflammations  are  due  to  the  action 
of  fungi.  The  growth  of  these  organisms  in  the  tissues  gives  rise  to 
mechanical  and  chemical  irritants,  producing  inflammation  in  the  same 
way  as  do  the  agents  which  have  been  mentioned  as  causes  of  simple 
inflammation.  But,  as  long  as  the  fungi  grow  in  the  body,  a  continuous 
supply  of  the  products  of  their  life-action  is  kept  up.  These  products, 
continuously  spreading  through  the  tissue,  will  accordingly  give  rise  to 
a  spreading  inflammation.  The  products  of  different  fungi  vary  enor- 
mously in  their  power  of  injuring  the  tissues — some  producing  actual 
necrosis,  others,  varied  degrees  of  inflammation.  If  the  irritant  is 
sufficiently  intense,  some  variety  of  fibrinous  inflammation  is  induced, 
just  as  by  chloride  of  zinc ;  when  a  strong  irritant  produces  a  proteo- 
lytic ferment,  and  exerts  ]x>sitive  chemotaxis  on  the  leucocytes,  sup- 
puration results.  If  the  irritant  is  less  intense,  the  early  stages  of 
proliferative  inflammation  result,  as  in  tubercle  and  leprosy.  The 
characteristic  lesion  of  these  and  some  other  diseases  is  a  tumor-like 
inflammatory  nodule  developed  round  a  spot  at  which  parasites  have 
lodged,  and  whence  they  may  spread  and  infect  neighboring  and  dis- 
tant parts.  Diseases  characterized  by  these  lesions  are,  therefore,  often 
spoken  of  collectively  as  the  infective  grannfomata,  a  name  signifying 
Infective,  tumor-like  formations  of  granulation-tissue. 

It  would,  however,  be  a  great  error  to  suppose  that  the  presence  of 
organism*  capable  of  producing  irritant  products  is  invariably  sufficient 
to  cause  inflammation.  We  have  already  pointed  out  that  the  resistance 
of  the  tissues  must  always  be  taken  into  account ;  moreover,  the  r6le  of 
organisms  in  the  production  of  inflammation  will  be  influenced  by  their 
detention  in  the  tissues,  by  any  local  lesion  or  predisj>osition  in  the 
tissues,  by  the  anatomical  diameters  of  the  part,  and  other  conditions. 
These  subjects  are  discussed  in  Chapter  IX. 

Etiology  of  Suppuration. — In  clinical  medicine  and  surgery  suppu- 
ration is  invariably  due  to  the  action  of  bacteria  (p.  170),  but  there  is 
reason  to  lielieve  that  suppuration  is  jx)ssible  in  experimental  pathology 
without  the  action  of  organisms.  If  glass  capsules,  containing  eroton- 
oil  or  turpentine,  are  placed  aseptically  in  the  subcutaneous  tissue,  and 
the  capsules  broken  when  the  wound  is  soundly  healed,  suppuration 
results,  and  no  organisms  are  found  in  the  pus  (Cheync,  Councilman). 
Grawitz  and  Scheuerlen  have  produced  acute  aseptic  (free  from  organ- 
isms) suppuration  by  the  injection  of  cadaverine  and  putreseine — alka- 
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loids,  separated  by  Bricgcr  fmni  putrid  flesh.     These  substana 
only  irritants,  hut  also  possess  proteolytic  (jieptotiistiiig)  [towers. 

Modes  of  Spread  of  Inflammation.— An  inflammation 
characterized   by  a    tendency  to   spread  will   always  Ik1  found  to  he  of 
jwmisitie  origin.     Clinically,  inflammations  spread  by  continuity  of  nV 
sue,  by  the  lymphatics,  or  by  the  blood-path.     Micro-or<jniii*m*,  anviaj 
settled  at  a  spit,  win  spread  thence,  very  much  as  is  the  case  arid 
malignant  growths.     (1)  They   may  push  their  way  al out;   ''■  - 
of  least   resistance  as   they  grow,  or  lie  carried   lor  sborl  mntaaaei  ly 
the  exudation   from   the  vessels,  by  the  ordinary  lymph-stream-,  or  U 
leucocytes   which  have  taken    them   up — spread    of    tbe   iiithiimiuiMi 
b)     '■  continuity  of  tissue"    resulting    in    each    ease.      (2)  They  miv 
bt    carried    by    the    lymph-stream    long    distances    from    I  he    primary 
focus.     Conveyed   in  this  way,  they  are  usually  arrested  in   the  first 
lymphatic  gland  they  reach.     Hire  they  often  excite  a  secondary  intlnm- 
uuniiiu  without   having  caused  any  trace  of  inflammation  Iteiirem  uV 
primary  locus  and  the  gland — the  organism-   passing  easu*] 
the  lymphatic  vessels,  but  becoming  arrested  in  the  suuoua  c 
of  the  gland,  precisely   like  the   particles  of  pigment    which    mai 
found,  upon  microscopic  examination  ofa  gland,  on  the  "central    I 
of   any   extravasation   of   blood.      (3)    The   organiaou    may    enter 
bloodvessels  and   lie  carried  about  by  the  blood-stream  until  ar 
when,  under  favorable  conditions,  they  will   multiply  and  give 
a  Btoondaiy  (metastatic)  inflammation,  such  as  ocenr- 
ahnost   all    organs  or    parts,  and  in  mumps  when    the  testis   DC 
becomes  inflamed. 


Modes  of  Arrest  of  Inflammation. — The  cessation  of  inflat 
tion  excited  by  one  of  the  simple  causes  is  brought  about  by  n 
meapttUatum  of  the  cause.     (1)  ,4s  toon  ax  the  caum*  ore  removal,  tl 
ccQg  of  tl«  damaged  tissue*  begin  to  exeri  their  inherent  tendmeg  to  n 
from  injury  (p.  "21 ).     Dead  and  dying  cells  ore,  in  moat  cases,  rcmirt'w 
by  leucocytes,  and  washed  on  by  the  exudation  from  the  vessel- ;  1 
on,  their  places  are  taken  by   new  cells  springing  from   the  i 
tissue-clem ente.     (2)  When  the  irritant  cannot  l«?  remoTcd,  M  i 
case  of  some    foreign    bodies    and   animal    parasites,    it    may 
enclosed  by  a  firm  envelope  of  cicatricial    fibrous   tissue  and  its  t 
thus  neutralized.      This  process  is  known  as  cii<-iqmd<ition. 

When  once  baeterin  have  gained  a  foothold  in  the  tissues  and  hs»" 
begun  to  multiply  and  spread,  the  process  is  obviously  mora  ditto 
tn  check.    Clinically,  inflammations  spread  rapidly  and  widely,  and  JB 
even  alter  causing  gangrene  of  a   large   part  of  a   limb,  may  Ixvenr**' 
ultimately  arrested.     All    the  time  there  is  a  struggle  for  exi 
going  ou  between  the  cells  and  fluids  of  the  body  on  the  one  \m 
the  invading  parasites  on  the  other.     The  victory  may  lie  with  alAVa 
being  won,  sometimes  easily,  sometimes  after  a  struggle  of  which  tl**" 
tie  is  for  a  long  time  doubtful. 
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Definition  of  Inflammation. — In  the  foregoing  paragraphs  the  term 
"  inflammation  "  has  been  retained  in  accordance  with  custom,  and  the 
process  has  been  treated  as  if  it  constituted  a  distinct  pathological  con- 
dition. It  is  evident,  however,  that  the  phenomena  seen  after  simple 
destruction  of  some  cells  of  the  cornea,  and  those  resulting  from  injury 
to  a  portion  of  the  skin,  differ  from  one  another  merely  owing  to  the 
presence  of  bloodvessels  in  the  latter  part :  all  the  special  features  of 
the  cutaneous  lesion — hyperemia,  exudation,  and  the  rest — result  from 
the  action  of  the  irritant  on  the  vessels  and  their  contents.  Secondly, 
it  is  clear  that  the  phenomena  occurring  after  a  simple  aseptic  incision 
into  the  skin  are  essentially  the  same  as  those  which  are  present  when 
"  inflammation  "  of  such  a  wound  occurs ;  the  phenomena  of  what  is 
clinically  called  "  inflammation "  differ  onlv  in  degree  and  duration 
from  those  of  conditions  in  which  there  is  no  such  occurrence. 

We  are  thus  in  the  presence  of  an  obvious  difficulty  :  either  the 
term  "  inflammation  "  must  be  extended  so  as  to  include  healing  of  an 
aseptic  wound  by  first  intention — a  condition  to  which  it  was  specially 
intended  to  be  opjxxsed — or  we  must  limit  the  use  of  it  to  certain 
instances  in  which  the  phenomena  described  occur  with  marked  inten- 
sity, excluding  cases  which  differ  only  in  degree  and  not  in  kind.  We 
have,  in  short,  to  admit  that  inflammation  is  a  clinical  term  applied  to 
a  group  of  symptoms  only  arbitrarily  separable  from  those  of  simple 
reaction  to  injury,  and  that  the  term  does  not  admit  of  accurate  defini- 
tion in  pathological  language.  For  descriptive  purposes  it  may  be 
roughly  defined  as  "  the  reaction  of  a  living  vascular  tissue  to  continued 
or  re|>eated  irritation." 

Since,  then,  inflammation  is  a  clinical  and  not  a  pathological  term, 
it  is  useless  to  inquire  whether  it  includes  repair  of  injury,  or  only  the 
changes  which  precede  repair — a  question  around  which  much  contro- 
versy has  centred.  It  is  evident  that  the  object  of  the  process  is 
defensive.1  The  vascular  reaction  leads  to  effusion  of  fluid  which 
dilutes  the  poisons  responsible  for  most  instances  of  inflammation,  and 
also  facilitates  the  assemblage  of  leucocytes  at  the  point  of  injur}',  car- 
rying with  them  substances  antagonistic  to  invading  bacteria,  and 
ready  to  devour  the  germs  themselves  ;  later  the  con nective- tissue  cells 
multiply  and  fill  the  gap  left  by  the  death  of  those  which  have  been 
killed  by  the  irritant,  and  thus  repair  is  effected.  These  cells  are 
partly  stimulated  to  multiply  by  the  action  of  the  original  irritant ; 
partly,  in  all  probability,  they  increase  through  diminished  surround- 
ing resistance,  owing  to  the  death  of  neighboring  cells,  and  partly 
as  a  result  of  the  increased  blood-supply  which  exists  in  an  inflamed 
part. 

1  According  to  the  evolutionary  theory  upon  which  all  biological  science  is  now 
baited,  animals  which  reacted  to  injury  in  such  a  way  an  to  counteract  that  injury  would 
survive;  those  which  reacted  otherwise  would  die  out.  Hence  a  process  favorable  to 
the  survival  of  the  organism  would  tend  to  be  perpetuated.  Accordingly,  it  is  legiti- 
mate from  this  point  of  view  to  "explain  "  a  vital  phenomenon  in  terms  of  its  object  or 
"  final  cause/'  although  such  an  explanation  does  not  assist  in  elucidating  the  mode  in 
which  the  phenomena  are  brought  about 
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REPAIR  OF  SPECIAL  TISSUES. 

The  power  which   most  tissues  possess  of  repairing 
dinner  lias  Ijeen  alluded  to.    We  must  now  briefly  state  bow  such  If 
are  repaired. 

There  are  certain  general  statements  that  may  lie  affirmed  of  the 
process  of  regeneration. 

(1)  A  tissue  can  only  be  regenerated  by  the  growth  of  ■  btameof 
ih.'  mtm  kind.  Il  i-  well  known  that  the  cells  of  one  embryonic  bya 
never   produce   tissues  other  than   tho.e  which    normally  dew 

ilii-  layer  ;  and  il   is  also  true  thai  regeneration  of  a  I  issue  m-oiir*  only 

from  cells  of  that  tissue — e.g.,  muscle  from   muscle,  epitln-li DM 

epithelium.      The  only  exception  to  tliis  is  that  any  kind  of  OOMMMBni 
tissue  may  he  formed  ('rum  any  other  kind. 

The   regenerative   processes  which   ordinarily  go  mi    in  adult  men- 
hlastic  tissues  are  still  imperfectly  known.     Their  rcprodueliv. 
has  Ihi'ii  siipjHi-rd  to  In-  limited   t<>  molecular  repair.      V  vertfai  lees,  il 
is  certain    that    the    ells  of    most    adult    tissues   retain    the    | 
multiplication.     That    litis   is   in  it   manifest   under  normal   eonditi. 
i-  p.»-ihly   because  the  blood-supply   receive*!  by    the   ti— no.    I<  < 
-iiltii-i.-m    to  maintain   the   uttttm  quo,    while  the   resistance-   oop 
growth,   such    as    pressure    within    tissue,  are  equal    to   the    MM  * 
which  they  tend  to  multiply.      If,  however,  the  in  tercel  hilar  | 
be  lessened  by  wound  or  by  destruction  of  tissue,  absorption  tf  t 
damaged   elements  and    multiplication   of  the  cells   round   ■bawl  I 
begiu.     Such  injuries  usually  increase  the  blood-Miuply. 

(2)  The  tendency  of  u  tissue  to  regenerate  varies  with  (i)  the  "$">' 
the  tissue,  all  tissues  being  more  easily  regenerated  in  lietal  ami  < 
life  than  later  on  ;  (ii)  with  the  blood-supply  (p.  Sfil ;  mid  (hi)  with  tl 
kind  of  tis.-ue,  the  more  highly  specialized  the  tissue  the  less  readily  <t 
regeneration  take  place.  Complex  tissues  are  often  temporarily  r 
by  an  overgrowth  of  their  connect ive-t issue  stroma. 

The  multiplication  of  cells  in  repair,  as  in  normal  development,  i:-. 
cndly  lakes  place  by  the  division  of  one  cell  into  two,  the  nnehM  H 
dividing   by  the  process  known  as  karyokincniit  or  mil"-- 
tm  in  no  way  diners  from  that  described  in  normal  histology, 

On  rare  occasions  mitotic  division  of  the  nucleus  into 
ttgmentt   may  lake  place,  or  direct  diritsiim  iif  lh<   iiurlnt*  null  rrll  ow 

without  the  nuclear  changes  jusl  described  {amitotic  dteuwm).    In  oil 

case-    -o-oallcd  jriii/umiliiliitu    <•/  tin-   uttvlms    inaV  occur,  in    which  I 
nucleus  alone  subdivides  with  or  without  any  increase  in  the  e 
This  U  one  possible  method  by  which  giant-cells  may  bt 

Connective  Tissue  and  Bloodvessels. 

-   Connective  tissue,  including  vessels,  may  be  derived  (1)  f 
Axed    connective-tissue   cells,   (-)    from    the    wandering   uninm 
plasma  cells  ;  and  (3)  from  the  endothelial  cells  of  the  vessels. 
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The  repair  of  connective  tissue  has,  however,  already  been  discussed 
(p.  173)  :  it  is  here  only  necessary  to  describe  the  formation  of  blood- 
vessels in  detail.     In  post-embryonic  life  capillaries  develop  by  budding. 

Fig.  106. 


Regeneration  of  capillary  bloodvessels,  a,  normal  capillaries ;  b,  capillary  process ;  c,  new 
capillary  appearing  in  divided  process;  d,  process  undergoing  division;  c,  connecting- 
cell  in  which  no  sign  of  division  has  yet  appeared.    (Diagrammatic.) 

By  the  end  of  the  second  day  after  the  infliction  of  a  wound,  solid, 
pointed  processes  begin  to  project  from  some  of  the  cells  forming  the 
walls  of  the  capillaries  :  they  increase  in  length  and  join  similar  pro- 
cesses from  other  capillaries,  or,  occasionally,  pre  :esses  of  branched 
connective-tissue  corpuscles.  The  processes  are  at  first  very  fine  but 
gradually  widen,  especially  at  the  place  wh  they  join  the  fully  formed 
vessels.  Nuclei  appear  in  these  processes  and  then  divide,  complete  cell- 
division  following  a  little  later.  The  lines  of  union  of  the  individual 
endothelial  cells,  as  shown  by  nitrate  of  silver,  appear  subsequently. 
In  the  mean  time,  channels  are  formed  as  the  cells  divide.  These  chan- 
nels open  into  the  original  capillaries,  and  thus  the  blood-cavity  becomes 
extended. 

The  new  vessels  increase  in  size  with  the  demands  made  upon  them. 
According  to  Thoma,  the  increase  in  the  size  of  the  vessels  is  in  propor- 
tion to  the  rapidity  of  the  blood-flow  through  them ;  while  the  thickness 
of  the  vessel-wall  depends  upon  the  tension  of  the  wall — that  is,  upon 
the  diameter  of  the  lumen  and  ujkmi  the  blood-pressure. 

Muscular  and  fibrous  coats  are  developed  by  direct  extension  from 
similar  cells  on  the  original  vessels. 

Epithelium. 

Epithelium  is  always  derived  from  pre-existing  epithelium  by  mitotic 
division  of  the  cells  (Fig.  95).     This  is  shown  by  the  fact  that  it  always 
spreads  in  from  the  edge  of  an  ulcer,  unless  islets  of  the  rete  have  been 
'  left  undestroyed  in  the  midst  of  the  granulation-tissue,  or  unless  acci- 
dental transplantation  has  occurred. 
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The  r/.ilhr/:,/,!,  nj'/lir  xkiii  ;lint  II III. ■oils  membranes  is  R    ■'■ 

mill  replaced  throughout  life,  sometimes  very  rapidly,  m  in 
mucous  membranes. 

Glandular  ryilhdhim  regenerates  leas  readily.     If  all  the  .ill-  in  a 
acinus  or  in  a  tubule  Ix?  destroyed,  there  is  do  reproduction  oi 
t  helium  therein.     A  wound  of  a  gland,  with  orwithoul  low  of 
iual>  by  scar-tissue,  win  'i  is  permanent.     Regeneration  of  Hrrr-rrB*  * 
known  to  take  place  in  th    dog,  cat,  and  rabbit.      Mitosis  baa  tleobata 
observed  in  the  renal  epUJu&vm  of  man.    The  regeneration  od  epiAal 
furnishes  many  illustrations  of  the  rule  that,  the  more  highly  npcdaG 
the  fiinelion  of  a  tissue,  the  less  likely  i.-  that  tissue  to  Ik-  capable 
regeneration. 

Regeneration  of  nails  ami  hair  is   frequent      The  struohim 
continually  being  formed  ("growing")  by  groups  of  o 
th.-ir  bases:  deatntotion  of  these   cell*   prevent*   further    gnnrta 
regeoentun  of  tlie  hair  or  nail. 

Muscle. 

A  BOHnd  in  a  voluntary  muscle   is  temporarily  npaind  by 
(issue.      A-  a   rule,  Such  a  wound  gapes  widely  and  beak  b\ 
two  ;  but  in  some  parts — e, g,,  the  tongue — retraction  is  p!-ew-ni*dtam«J 
then  union  by  first  intention  occurs  readily. 

When  a  muscle  is  incised,  the  protoplasm  escapee  through  th* 
opened  sireoh'Tiuua,  and  leucocytes  penetrate  for  some  distance  batWBj  *' 
the  fibres.  GniiiuUittmi-t  issue,  followed  by  ordinary  scar-l 
forrniil  fiimi  the  eiidnmysium,  and  unites  the  ends  ufthe  muscle,  NV*» 
mUBcle-cella  may  then  lie  prodm-ed  by  mitotic  division  of  those  on  i»~*' 
side  of  the  scar,  and,  later  on,  these  may  invade  and  eventually 
the  cicatricial  tissue.  According  to  some  observers,  the  sunrrriaujf 
nuclei  of  the  damaged  fibres  are  sometimes  able  to  multiply  and  fiim* 
new  fibres.  In  some  coses,  no  regeneration  of  (!»■  musele-ix'lli 
and  it  is  very  rarely  complete. 

Dtgmerattd  fibres  may  lie  similarly  replaced.      This  i-  RON)  in 
febrile  diseases,  especially  typhoid  fever, 

Involuntary  muscle-cells  also  multiply  by  division. 

Cartilage. 
A  wound  or  breach  in  cartilage  is  generally  repain 
instance  by  scar-tissue.  This  may  be  replaced  later  by  hyaline  mn 
lage  formed  from  the  perichondrium,  and  by  proliferation  of  neighh"! 
ing  cartilage-cells.  The  matrix  is  formed,  according  to  Straseer,  fr 
the  protoplasm  of  the  cells.  Often  the  replacement  of  the  scar-ti 
by  cartilage  does  not  occur.  In  cases  of  fractured  rib-cartilage 
fibrosa  tissue  may  ossify  into  a  clasp  of  bone  round  the 
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Bone. 


When  a  bone  is  broken,  it  generally  happens  that  the  encircling 
periosteum  is  partly,  or  completely,  torn  across,  as  well  as  separated 
from  the  broken  ends  for  some  distance  above  and  below  the  fracture. 
The  damage  to  the  surrounding  tissues  is  liable  to  greater  variation. 
In  any  case,  many  bloodvessels  will  be  ruptured,  while  the  interval 
between  the  ends  of  the  bone  will  be  filled,  and  the  rent  in  the  soft 
tissues  distended,  by  the  resulting  hemorrhage,  which  is  finally  arrested 
by  the  pressure  of  the  extravasation  and  by  the  occurrence  of  throm- 
bosis, as  in  healing  by  first  intention  (p.  164).  If  bacterial  infection 
be  prevented  and  the  parts  kept  at  rest,  reparative  changes  commence 
in  a  few  hours.  The  vessels  undergo  the  usual  changes  characteristic 
of  simple  inflammation  (p.  160),  and  large  numbers  of  leucocytes  infil- 
trate the  damaged  tissue  and  invade  the  blood-clot.  The  exact  inter- 
vals between  the  appearance  of  the  different  changes,  which  next  follow, 
vary  with  the  size  of  the  bone  and  the  extent  of  the  damage. 

In  general  terms,  the  damage  outside  the  periosteum  is  repaired 
by  granulation-tissue  and  regeneration,  as  in  the  case  of  any  aseptic 
wound ;  while,  inside  the  periosteum,  new  tissue  of  a  somewhat  similar 
type  is  developed,  mainly  from  the  periosteum  itself,  forming  a  spindle- 
shaped  swelling  in  which  the  broken  ends  of  the  bone  are  imbedded 
(Fig.  107).  This  tissue  also  grows  between  and  connects  these  ends, 
forming  the  basis  of  the  final  repair.  To  a  less  extent,  similar  tissue 
is  formed  in  the  medulla.  The  new  tissue  thus  formed  round  the  bone 
and  in  the  medulla  is  known  as  the  provisional  callus. 

In  the  case  of  a  bone  like  the  fibula  (Fig.  107),  the  cells  of  the 
separated  periosteum  and  of  the  medulla  l>egin  to  proliferate  two  or 
three  days  after  the  injury.  By  the  latter  half  of  the  first  week  the 
innermost  (osteoblastic)  layer  of  the  periosteum  has  produced  a  large 
amount  of  new  tissue  consisting  of  broad  spindle-shaped  cells,  plenti- 
fully supplied  with  bloodvessels  derived  from  the  proliferating  endo- 
thelium of  those  in  the  neighborhood. 

Trabecule  of  osteoid  tissue,  and  occasionally  of  cartilage,  next 
appear  in  the  new  tissue  in  immediate  contact  with  the  stripped  bone, 
and  gradually  spread  until  they  occupy  the  whole  space  between  the 
separated  periosteum  and  the  bone.  By  the  end  of  the  second  week 
the  extravasated  blood  and  emigrated  leucocytes  have  disappeared  and 
the  space  between  the  fractured  ends  is  bridged  by  osteoid  trabecule 
with  osteoblasts,  fragments  of  cartilage,  and  strands  of  connective  tissue. 
The  osteoid  trabecule,  cartilage,  and  connective  tissue  are  gradually 
transformed  into  bone,  while  the  remnants  of  vascular  granulation- 
ti.ssue  lying  between  the  osseous  traheculce  come  to  resemble  ordinary 
bone-marrow.  The  growth  of  the  trabecule  is  more  extensive  between 
the  periosteum  and  the  bone  than  it  is  in  the  medulla.  In  the  mean- 
time the  dead  tissues  including  the  sharp  and  jagged  ends  of  the  bones 
have  been  absorbed  (p.  35). 

The  new  tissue  which  actually  connects  the  broken  ends  is  derived 
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The  first  sign  of  involution  is  the  removal  of  the  jagged  ends 
already  referred  to,  and  the  absorption  of  any  detached  fragments  of 
bone  that  may  have  died.  When  the  ends  of  the  bone  are  thoroughly 
united  by  firm  compact  tissue  resorption  of  the  callus  begins.  This 
generally  commences  in  the  third  month  after  the  injury.  The  more 
accurate  the  apposition  of  the  ends,  and  the  more  correct  the  general 
position,  the  more  complete  will  be  the  disappearance  of  the  callus. 
So  completely  may  it  disappear  that  in  a  few  months  or  years  it  may 
be  extremely  difficult  to  localize  the  exact  position  of  an  old  fracture. 

Repair  of  a  fracture  may  be  impeded  by  anything  that  causes  undue 
movement  of  the  fragments,  by  strands  of  muscle  or  other  foreign  tis- 
sue lying  between  the  ends  of  the  fragments,  or  by  constitutional  dis- 
eases which  reduce  the  regenerative  power  of  the  tissues.  If  the  fracture 
muse  laceration  of  the  nutrient  artery  leading  to  either  fragment,  the 
latter  may  undergo  atrophy  and  exhibit  no  tendency  to  repair. 

Nerve-cells  and  their  Processes. — These  will  be  referred  to  in  the 
chapter  on  Diseases  of  the  Nervous  System  (see  Index). 

Transplantation  of  Tissues. 

Even  before  John  Hunter's  success  in  transplanting  a  cock's  spur 
into  its  comb,  it  was  believed  that  pieces  of  the  body,  like  the  tip  of 
the  nose  or  finger,  might  reunite  if  fixed  in  position  soon  after  com- 
plete separation  from  the  body  ;  but  accurate  knowledge  on  this  subject 
has  been  acquired  only  since  Reverdin's  discovery  of  "  skin-grafting." 

The  tissues,  as  is  well  known,  may  survive  systemic  death  for  a 
short  time.  Portions  of  almost  all  tissues  may  be  removed  from  one 
part  or  animal  and  successfully  transplanted  to  another  part  or  animal, 
if  the  conditions  are  suitable.  These  are  :  transference  of  the  portion 
of  tissue  with  sufficient  gentleness  and  quickness  to  ensure  that  it  is 
alive  when  transferred  ;  close  contact  with  the  raw  surface  prepared  for 
it ;  maintenance  of  its  temperature ;  and  the  avoidance  of  all  bacterial 
contamination.  The  piece  of  tissue  will,  under  these  circumstances, 
become  united  by  first  intention  to  its  bed,  and  will  l>e  nourished  by 
lymph  transuding  from  this  surface  until  vessels  shoot  across  into  it. 
Those  tissues  which  are  least  highly  organized  and  which  require  the 
least  nutriment  bear  transplantation  best. 

Epithelium  is  the  tissue  which  can  most  easily  be  transplanted. 
Use  is  made  of  this  fact  in  the  o|H»ratioii  of  grafting,  in  which  small 
bite  of  t/t*  superficial  fxtrt  of  the  rete  are  placed  upon  a  healthy  granu- 
lating surface.  At  first,  nourished  by  the  exudation,  these  fragments 
grow,  adhere,  and  form  centres  whence  epithelium  spreads  over  the 
surface.  The  cells  of  the  root-sheath  of  plucked-out  liairs  answer  the 
purpose  well.  Granulation-tissue  may  be  covered  with  new  skin  in 
this  way ;  but  unless  scar  contraction  accompanies  the  sk inning-over, 
the  cicatrix  is  liable  to  break  down. 

A  piece  of  skin  an  inch  square,  freed  from  all  fat,  may  he  trans- 
planted, and  thus  ectropion  and  similar  deformities  may  We  remedied. 
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Similarly,  a  bit  of  mucous  membrane,  usually  obtained  from  i 
rabbit's  conjunctiva,  is  transplanted  in  cases  of  entropion. 

Cartilage  and  periosteum,  especially  when  young,  bear  transplanta- 
tion well  (p.  99).  So  also  do  small  pieces  of  bone.  Macewen  built  up 
the  shaft  of  a  humerus  with  bits  removed  from  deformed  tibia?,  and 
introduced  the  practice  of  replacing,  in  the  opening  made  in  the  skull 
by  a  trephine,  chips  of  the  bone  removed. 

Pieces  of  muscte  have  been  successfully  transplanted,  and  part  rf 
the  sciatic  nerve  of  a  bird  has  been  substituted  for  a  corresponding 
piece  excised  from  another  bird.  In  man  transplantation  of  nerve 
lengths,  taken  from  man  and  other  animals,  has  been  several  times  suc- 
cessful in  restoring  the  function  of  divided  nerves,  even  when  mootkfr 
have  elapsed  between  the  injury  and  the  operation.  In  all  probability 
these  nerve-lengths  merely  act  as  guides  along  which  the  regenerated 
axis-cylinders  can  grow. 


CHAPTER  VII. 

LOCAL  DISTURBANCES  OF  THE  CIRCULATION. 

The  efficiency  of  the  circulation  de]>ends  on  the  maintenance  of  a 
correct  relationship  between  the  action  of  the  heart,  the  size  and 
elasticity  of  the  bloodvessels,  and  the  quantity  and  composition  of  the 
blood,  as  well  as  on  the  preservation  of  a  healthy  lining  membrane 
throughout  the  whole  of  the  vascular  tract.  It  is  altogether  out  of  the 
scope  of  this  work  to  deal  fully  with  the  many  ways  in  which  these 
various  factors  may  deviate  from  the  standard  of  health.  Practically,  in 
disease,  such  lesions  are  nearly  always  combined.  Structural  defects  of 
the  heart,  arteries,  and  veins,  together  wTith  their  results  on  the  general 
circulation,  will  be  dealt  with  subsequently.  It  is  here  only  necessary 
to  give  a  brief  review  of  the  causes  and  effects  of  diminution  and  of 
increase  in  the  blood-supply  of  a  part,  and  then  to  deal  at  greater 
length  with  the  phenomena  of  passive  congestion,  droj>syf  thrombosis, 
and  embolism. 

LOCAL  ANiEMIA. 

By  local  anosmia  is  meant  diminution  in  the  amount  of  the  blood 
in  a  part  owing  to  deficiency  of  the  supply.  It  may  be  partial  or 
complete. 

Causes. — The  causes  of  diminished  arterial  supply  comprise  all 
those  conditions  which  either  narrow  or  completely  close  the  lumen  of 
the  supplying  artery.  The  lumen  of  an  artery  may  be  diminished  by 
disease  of  its  walls — atheroma,  calcification,  or  syphilitic  thickening ; 
or  by  pressure  exercised  upon  it  from  without,  by  new-growths,  con- 
stricting scars,  inflammatory  exudations  and  mechanical  effusions, 
especially  in  unyielding  tissues,  such  as  bones  or  tendon-sheaths.  Com- 
plete closure  of  the  vessel  may  result  from  some  of  the  foregoing  con- 
ditions, or,  more  commonly,  from  thrombosis,  embolism,  or  ligature. 
In  some  cases  the  supply  of  blood  is  diminished  by  an  increase  in  the 
natural  resistance,  due  to  irritation  of  the  vaso-motor  nerves.  This 
occurs  in  some  neuralgic  and  other  nervous  affections  (Raynaud? *  Dis- 
ease), or  from  the  action  of  certain  substances,  such  as  ergot  of  rye,  or 
again,  merely  as  the  result  of  a  low  temperature.  It  is  sometimes 
attributed  to  the  presence  in  the  vessels  of  products  of  metabolism, 
either  in  excessive  amount  or  of  abnormal  character.  Anaemia  of  one 
part  may  be  secondary  to  hypenemia  of  other  part**,  as,  for  instance, 
anaemia  of  the  brain  and  skin  in  congestion  of  the  alxlominal  viscera  ; 
or  it  may  be  due  to  a  general  diminution  of  the  total  quantity  of  blood, 
as  after  hemorrliage,  in  which  case  the  parts  most  distant  from  the 
heart  suffer  most 
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Results. — A  part  with  a  diminished  arterial  supply  is  usually  paler, 
less  tense,  and  of  a  lower  temperature  than  natural.  Its  nutrition  is 
defective ;  functions  are  impaired  and  it  is  liable  to  fatty  degeneration, 
atrophy,  or  death.  These  results  have  been  exemplified  in  the  chap- 
ters on  Fatty  Degeneration,  Atrophy,  and  Necrosis. 

Obstruction  of  a  large  artery  causes  rise  of  pressure  (transient  under 
healthy  conditions)  everywhere  except  in  its  own  area ;  and  tins 
increased  pressure  endangers  the  safety  of  delicate  or  diseased  vessels, 
until  the  extra  blood  thrown  into  the  suddenly  curtailed  vascular  system 
is  accommodated  in  some  way.  The  heightened  pressure  affects  the  vaso- 
motor centre,  and  this  speedily  produces  dilatation  of  vessels  sufficient  to 
restore  the  normal  pressure.  But  the  vessels  which  dilate  most  mark- 
edly and  persistently  are  those  going  to  the  anaemic  part  and  anasto- 
mosing with  branches  from  the  trunk  beyond  the  obstruction  (p.  218). 
These  "  collateral "  vessels  become  larger,  longer  (tortuous),  and  thicker, 
until  the  circulation  in  the  part  has  again  become  normal — i.e.,  collateral 
circulation  is  established.  At  first,  all  vessels  having  anastomoses  with 
the  obstructed  one  probably  dilate ;  but  those  which  enlarge  per- 
manently are  almost  invariably  branches  on  the  same  side  as  the 
obstruction — e.g.,  the  right  inferior  thyroid  and  vertebral  arteries  dilate 
after  ligature  of  the  right  carotid.  The  primary  anaemia,  the  blush  and 
heightened  temperature  of  vascular  dilatation,  and  the  final  return  to 
the  normal,  can  be  seen  in  limbs  after  ligature  of  main  vessels. 

HYPEREMIA. 

Hy[tercemia,  or  congestion,  is  excess  of  blood  in  the  more  or  less 
dilated  vessels  of  a  part.  It  may  be  (1)  active  (arterial)  or  (2)  passive 
(venous).     These  two  varieties  must  be  considered  separately. 

ACTIVE   OR  ARTERIAL  HYPEREMIA. 

Active  hyperemia  means  excess  of  arterial  blood  in  a  part,  with,  in 
most  cases,  acceleration  of  flow. 

Causes. — The  immediate  cause  of  active  hyperaemia  is  in  all  cases 
diminished  arterial  resistance. 

Diminished  arterial  resistance  may  be  produced  pathologically — 
1.  By  certain  agencies  which  have  a  weakening  or  paralyzing  effect 
upon  the  involuntary  muscle  of  vessel-walls.  Fatigue  from  previous 
prolonged  contraction  has  this  effect,  as  seen  in  the  hyperemia  of  the 
hands  which  follows  snowballing.  Warmt/i,  too,  is  generally  placed 
under  this  heading.  Injuries  of  all  kinds,  ajmrt  from  the  reflex  hyper- 
emia due  to  their  effect  on  sensory  nerves,  cause  dilatation  by  direct 
damage  of  the  vessel- wall  ;  and,  so  long  as  it  is  more  than  sufficient  to 
counterbalance  the  increased  resistance  which  always  accompanies  it 
(p.  176),  the  quantity  of  blood  passing  through  the  part  is  greater  than 
normal — i.  c,  the  part  is  hypeneinie. 
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2.  J5y  the  removal,  either  directly  or  reflexly — i.  e.,  by  inhibition — of 
the  vasotonic  action  of  the  sympathetic.  Thus,  active  congestion  follows 
pressure  by  an  aneurism  upon  the  sympathetic  in  the  neck.  Certain 
drugs,  taken  internally,  are  believed  to  directly  paralyze  the  vaso-tonic 
nerves — e.  g.y  nitrite  of  amyl,  alcohol,  tobacco. 

The  reflex  process  is  generally  due  to  stimulation  of  sensory  nerves, 
the  diminution  in  tonus  thus  produced  being  more  or  less  accurately 
confined  to  the  region  supplied  by  the  nerve.  Friction  and  slight 
irritants  in  the  early  stages  of  their  action  produce  hyperemia  in  this 
way.  It  seems  probable  that  vascular  dilatation  of  deep  organs  may 
be  produced  reflexly  by  stupes  and  other  applications  to  the  skin  over 
them,  or,  more  accurately,  to  those  portions  of  the  skin  in  connection 
with  the  same  spinal  segments.  Conversely,  visceral  disturbances  may 
possibly  give  rise  to  vaso-motor  changes  in  the  corresponding  cutaneous 
areas,  or,  indeed,  in  areas  less  limited  than  these ;  for  Head  has  shown 
that  in  ansemia  and  other  diseases  the  effects  of  such  disturbances  are 
less  definitely  localized. 

Anosmia  of  any  large  part — as  of  a  limb,  compressed  by  Esmarch's 
bandage,  or  of  the  skin  from  cold — necessarily  causes  hypercemia  of 
other  parts— compensatory  hypercemia.  But  all  parts  do  not  suffer 
equally,  as  they  would  do  were  the  hyperemia  the  result  simply  of 
increased  arterial  pressure ;  certain  vessels,  as  the  great  abdominal 
veins,  dilate,  showing  that  the  vaso-motor  system  arranges  for  the 
accommodation  of  the  surplus  blood  by  producing  local  diminution  of 
vascular  resistance.  After  extirpation  of  one  kidney,  its  share  of  blood 
passes  mainly  to  the  other. 

3.  By  excitation  of  vcwo-dilatator  nerves,  such  as  the  chorda  tympani. 
Nothing  is  certainly  known  of  this  as  a  cause  of  hyperemia  ;  but  the 
hyperemia  associated  with  facial  neuralgia  and  that  of  the  thyroid  in 
exopbtlialmic  goitre,  have  been  referred  to  vaso-dilatator  neuroses,  and 
also  to  inhibition  of  vaso-tonic  nerves. 

Results. — The  results  of  active  hyperemia  are  principally  such  as 
might  be  expected  from  increase,  in  any  particular  organ  or  tissue,  in 
the  amount  of  arterial  blood  and  in  the  rapidity  of  its  flow.  The 
symptoms  in  a  superficial  part  are — increased  redness  and  pulsation,  a 
subjective  sensation  of  throbbing,  some  increase  in  bulk,  and  marked 
elevation  of  surface  temperature,  until  this  approaches  that  of  internal 
organs.  If  the  hyperemia  be  of  long  duration,  or  frequently  repeated, 
the  small  arteries  remain  permanently  enlarged,  their  walls  gradually 
thicken,  and  the  epithelium  and  connective  tissues  of  the  part  increase. 
This  may  be  seen  in  the  growth  of  hair  and  epidermis  thickening  round 
a  callous  ulcer  of  the  leg,  and  the  occasional  spread  of  ossification  from 
the  tibia  into  the  granulation-tissue,  though  irritation  may  possibly  be 
an  additional  factor.  The  capacity  for  work  is  increased,  and  hyper- 
trophy will  follow  if  the  increased  work  is  maintained  ( p.  8G).  Hy per- 
lemia  of  the  nervous  centres  causes  great  excitability,  paresthesia  of 
sight  and  hearing!  and  even  convulsions.     In  some  glands,  hyperemia 
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produced  experimentally  is  followed  by  increased  secretion,  as  in  damage 
to  the  renal  plexus,  which  is  followed  by  the  increased  secretion  of 
watery  and  even  albuminous  urine. 

PASSIVE   OR  VENOUS   HYPEREMIA. 

In  passive  or  venous  hyperemia,  the  excess  of  blood  is  in  the  veins 
and  capillaries,  and  the  flow,  instead  of  being  accelerated,  is  retarded. 
This  is  so  frequently  produced  by  some  obvious  mechanical  obstacle  to 
the  return  of  blood  through  the  veins,  that  it  is  often  called  mechanical 
hyperemia.  The  congestion  of  a  finger,  produced  by  a  moderately 
tight  band  tied  round  it,  may  be  taken  as  the  type  of  passive  hyper- 
emia. 

Causes. — Anything  which  weakens  the  forces  carrying  on  the  venous 
circulation,  or  which  opposes  unusual  resistance  to  this  circulation,  must 
tend  to  produce  venous  hyperemia.  Such  causes  may  exist  in  any  part 
of  the  vascular  system — heart,  arteries,  capillaries,  or  veins — some  hav- 
ing a  local,  others  a  general  effect.  They  may  be  arranged  under  two 
headings — (1)  those  which  diminish  the  vis  a  tergo,  or  propelling  force ; 
and  (2)  those  which  introduce  a  vis  a  fronte,  thus  placing  a  direct  impedi- 
ment to  the  return  of  blood  bv  the  veins. 

1 .  Chief  in  the  first  group  is  diminished  cardiac  power.  The  heart 
may  act  so  feebly  or  be  so  damaged  structurally  (see  Endocarditis),  that 
too  little  blood  enters  the  arteries  at  each  stroke,  and  generally  at  a 
pressure  less  than  normal.  As  a  result  the  arterial  supply  of  all  parts 
is  diminished,  blood  lags  in  the  veins,  and  a  less  quantity  than  normal 
returns  to  the  heart  during  each  diastole.  This  is  very  evident  in  pro- 
longed febrile  diseases,  such  as  typhoid,  and  in  those  degenerations  of 
the  walls  of  the  heart  which  lead  to  dilatation  of  its  cavities.  In  which- 
ever of  these  ways  the  vis  a  tergo  is  impaired,  the  diminished  fulness  of 
the  arteries  and  over-fulness  of  the  veins,  so  familiar  clinically  as  the 
result  of  cardiac  failure,  will  be  produced.  If  this  condition  be  of  long 
duration,  there  is  necessarily  so  much  interference  with  the  oxygenation 
of  the  blood,  with  the  functions  of  the  blood-forming  organs,  and  with 
the  processes  of  digestion  and  assimilation,  that  the  blood  itself  becomes 
deteriorated,  and  thus  the  nutrition  of  all  suffers. 

In  the  arteries  the  driving  force  may  be  weakened  (1)  by  total  or 
partial  obstruction  of  an  arterial  trunk ;  (2)  by  dilatation,  arising  from 
simple  atony,  or  from  those  general  fatty,  atheromatous,  or  fibroid 
changes  of  the  arterial  wall  so  common  in  advanced  life  may  perhaps 
lead  to  some  local  diminution  in  the  blood-pressure.  (3)  It  is  often 
said  that  in  cases  of  rigidity,  or  loss  of  arterial  elasticity,  the  heart's 
force  is  wasted  against  the  walls  of  rigid  tubes.  It  is  not  clear  that 
any  serious  obstruction  to  the  blood-stream  will  be  produced,  unless 
there  is  simultaneous  narrowing  of  the  lumen  of  the  vessel :  this  is 
frequently  the  case  in  atheromatous  arteries. 

Obstruction  to  the  circulation  in  capillaries  arises  mainly  from  press- 
ure of  inflammatory  and  serous  effusions  on  capillary  areas. 

With  regard  to  veins,  the  circulation  will  be  slowed  by :  (1)  absence 
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or  diminution  of  contractions  on  the  part  of  the  skeletal  muscles,  especially 
in  the  lower  extremity ;  ^2)  such  dilatation  as  produces  incompetence 
of  valves,  thus  rendering  muscular  action  useless  as  an  aid  to  circula- 
tion ;  and  (3)  by  anything  which  lessens  the  suction-action  exerted  upon 
the  great  veins  by  the  respiratory  movements  of  the  thorax.  Forcible 
expiration  will  replace  the  normal  mmu«-pressure  within  the  thorax  by 
a  p/i«-pressure :  thus,  playing  wind-instruments  impedes  the  entry  of 
blood  from  the  veins  into  the  heart.  Emphysema,  effusion  of  air  or 
fluid  into  the  pleural  cavities,  and  large  new-growths  of  the  lung  act 
similarly.     These  causes  might  fairly  rank  under  the  second  heading. 

When,  by  various  combinations  of  the  above  conditions,  the  circula- 
tion is  much  retarded,  hypostatic  congestion  occurs.  The  commonest 
seats  of  this  are  the  posterior  edges  and  bases  of  the  lungs,  the  skin 
over  the  sacrum,  and  any  parts  kept  constantly  dependent.  Slowing  of 
the  circulation  causes  distention  of  the  veins  and  increase  of  the  intra- 
venous pressure.  In  any  such  part  which  is  also  dependent,  the  intra- 
venous and  capillary  pressure  is  further  increased  by  gravity.  The 
force  of  gravity  is  in  proportion  to  the  vertical  distance  between  the 
highest  point  of  the  body  for  the  time  being  and  the  part  in  question. 
If  the  patient  is  so  weak  as  to  be  unable  to  change  his  position,  this 
pressure  constantly  acts  upon  the  same  veins  and  capillaries,  dilating 
them,  and  greatly  increasing  the  tendency  to  leakage  through  their  badly 
nourished  walls.  Thus  the  part  is  redder  and  softer  than  normal,  and 
is  (edematous  (p.  206).  In  bedridden  patients  breathing  is  often  very 
shallow,  and  the  effect  of  expiration  in  driving  blood  on  to  the  left 
auricle  is  therefore  diminished  (see  Hypostatic  Pneumonia).  In  people 
who  are  walking  about,  dropsy  from  heart-disease  generally  begins  in 
the  legs.     This  is  due  largely  to  the  action  of  gravity. 

2.  The  return  of  blood  through  the  veins  may  be  interfered  with  in 
many  ways.  Thus,  congestion  of  the  stomach,  intestines,  pancreas  and 
spleen,  from  compression  of  the  portal  capillaries,  occurs  in  cirrhosis  of 
the  liver ;  congestion  of  the  lung  follows  mitral  constriction  or  regur- 
gitation ;  congestion  of  the  systemic  circulation  results  from  insufficiency 
of  the  tricuspid  valve ;  and  in  the  lower  extremities  the  same  result  may 
be  due  to  pressure  of  the  gravid  uterus  on  the  iliac  veins. 

In  addition  to  the  above  causes,  the  sudden  removed  of  pressure  may 
produce  hyperemia.  Thus,  congestion  of  the  abdominal  vessels 
follows  the  removal  of  much  ascitic  fluid,  or  of  a  large  ovarian  tumor ; 
bleeding  from  the  pleura  occurs  when  the  cavity  is  rapidly  emptied 
by  aspiration  or  strong  syphon-action  ;  bleeding  may  also  follow  the 
complete  emptying  of  a  chronically  distended  bladder.  The  walls  of 
such  vessels,  being  thus  provided  with  external  support,  gradually 
lose  their  power ;  if,  then,  the  support  is  suddenly  removed,  the  ves- 
sels dilate  fully,  and  small  ones  may  even  rupture. 

Results. — Whether  there  be  a  direct  impediment  to  the  return  of 
blood  by  the  veins,  or  a  failure  in  the  forces  of  circulation,  the  veins 
and  capillaries  dilate,  and  the  blood,  moving  with  diminished  velocity, 
accumulates  in  them.     The  subsequent  changes  will  depend  upon  the 
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degrtr  of  obstruction  to  the  venous  return,  and  upon  the  arterial  pre*u 
ure ;  in  other  words,  upon  the  injur}'  sustained  by  the  vessel-walls  fr>m 
impaired  nutrition,  and  upon  the  increase;  of  pressure  in  the  veins  awl 
capillaries.  In  addition  to  the  immediate  effects,  sueh  as  the  diminished 
secretion  of  urine,  the  more  gradually  induced  changes  are  the  exudatiuo 
of  serum,  the  cscajM*  of  red  blood-corpuscles,  hemorrhage,  fibroid  indu- 
ration, atrophy,  throtulMisis,  and  necrosis. 

1.  Exudation  of  serum  is  one  of  the  most  ini|>ortant  results  of  pas- 
sive hy|>enemia.      It  is  discussed  on  p.  204). 

2.  Escape  of  red  blood-corpuscles  occurs  when  obstruction  to  the 
venous  return  is  very  great  :  they  transude  with  the  fluid  from  the  vein* 
and  capillaries.  The  blood-stream  in  these  vessels  stagnates,  ami  the 
red  corpuscles  become  packed  into  a  coherent  mass  which  oscillate*  to 
and  fro  with  the  arterial  pulsation.  Then,  suddenly,  some  of  the  ml 
corpuscles  ]>cnctrate  the  walls  of  the  capillaries  and  smallest  veins  and 
escape  into  the  surrounding  tissues.  This  seems  to  occur  without  nip- 
tun*  of  the  vessel,  for,  if  the  ligature  Ik*  removed,  the  blood  again  emu- 
lates in  a  jierfivtly  normal  manner.  The  corpuscles  rarely  escape  in 
great  numlicrs.  It  has  been  suggested  that  they  pass  by  dfaprtfofc« 
l>ctwccn  the  endothelial  cells. 

3.  Hemorrhage  i>  another  result  of  passive  hv]>enemia,  and  usually 
occurs  only  when  the  obstruction  to  the  venous  current  is  very  piwt. 
and  when  the  nutrition  of  vessels  and  tissues  has  suffered  from  knitf 
congestion.  Healthy  vessel*  <*an  l>ear  very  heavy  strains  without  giving 
way.  Those  vessels  which  are  the  least  supported  an4  the  first  to  pw 
way.  Hemorrhage  into  the  stomach  in  cirrhosis  of  the  liver,  and  into 
the  lung  in  mitral  stenosis,  arc  familiar  examples  of  this  result. 

4.  Fibroid  induration  is  due  to  a  gradual  increase  in  the  connective 
tissue  round  the  bloodvessels,  and  is  one  of  the  most  important  results 
of  long-continued  jussive  hy|)cnemin.  This  interstitial  growth  *** 
formerly  siip|mscd  to  lead  to  atrophy  of  the  higher  structures,  and  thus 
to  ini|iairmcnt  of  the  functions  of  the  organ.  In  the  stomach,  it  «* 
slid  to  produce  atrophy  of  tin*  glandular  structures;  in  the  kidney, 
compression  of  the  tubules  :  and.  in  the  heart,  diminution  in  n»** 
power.  It  is  probable,  however,  that  the  atrophy  in  these  ease*  f 
primary,  following  the  deficient  >upply  of  arterial  blond,  and  that  the 
increase  in  the  stroma  is  due  to  the  fact  that  the  latter  is  the  only  tistf* 
prcM-nt  that  can  thrive  in  the  existing  conditions.  We  must  aln»  t»b 
into  consideration  the  |Mw>ihle  stimulating  effects  of  irritant  product? 
or  of  dead  epithelial  «vlls  on  the  growth  of  the  fibrous  tissue;  but  tn* 
iui|>ortamv  ot"  tin*  factor  i*  dilticuh  to  estimate.  The  alteration 
which  thi^  change  produces  in  the  physical  characters  of  the  onjin?^ 
\i/..  induration  a^ocialed  with  abnormal  redness,  due  to  the  exce^0* 
hliNul  or  pig 1 1 nutation  from  Inematoidiu — arc  exceedingly  charactcnVt*' 

ft.  Thrombosis  (mt  p.  'JO^i. 

6.  Necrosis  m-curs  from  |ia<*sivc  l»\  j>cneinia  only  when  the  olnstructi* 
i*  vi  r\  general  and  complete  (p.  W±)m 

To  sum  up.  hum -coi i tinned  | missive  hyjicnemia  leads  to  impainncA 
ot'  vitality  and  function.     The  tissues  gradually  undergo  retoogmffit 
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changes  and  atrophy,  although  from  the  amount  of  exudation  and  blood 
which  they  contain  their  size  and  absolute  weight  may  be  increased. 
This  form  of  hypenemia  has  no  tendency  to  cause  multiplication  of 
tissue  other  than  the  connective,  and,  in  the  case  of  the  skin  and  mucous 
membranes,  the  epithelial.  In  the  latter  instance  the  proliferation  is  asso- 
ciated with  catarrhal  inflammation,  to  which  the  congestion  predisposes. 


Anatomy  of  Hyperemia. — Parts  which  were  actively 
hyperaemic  during  life  frequently  show  no  signs  of  this  condition  after 
death ;  for,  if  coagulation  does  not  occur  immediately,  contraction  of 
the  arteries  or  of  the  elastic;  capsules  of  organs  forces  the  blood  on  into 
the  veins,  thus  rendering  the  recognition  of  arterial  or  capillary  hyper- 
emia impossible.  Further,  under  the  influence  of  gravity  alone,  fluid 
blood  will  tend  to  run  to  the  more  dependent  parts  :  and  thus  a  hyper- 
aemic organ — whether  actively  or  passively  congested — may  be  emptied 
of  blood  and  may  thus  appear  pale. 

But,  on  the  other  hand,  dependent  parte — the  posterior  portions  of 
the  lungs,  the  lowest  coils  of  the  intestines,  the  skin  on  the  posterior 
surface  in  dorsal  decubitis — which  may  have  been  healthy  during  life, 
now  become  full  of  dark  blood.  It  is  often  difficult  to  sav  how  much 
of  the  congestion  of  the  base  of  a  lung  is  ante-mortem  and  how  much 
post-mortem. 

When  large  veins  are  hyperaemic,  the  injection  is  said  to  be  "  rami- 
fbrm,"  from  their  branching  form  and  dark-blue  color.  In  the  intestine, 
skin,  and  kidney,  hyperaemia  may  appear  punctiform  from  the  arrange- 
ment of  the  vessels  in  villi,  papilhe,  or  Malpighian  corpuscles,  as  the 
case  may  be.  Minute  punctiform  hemorrhages  must  not  be  mistaken 
for  such  cases. 

Pigmentation  (slate-gray,  black  or  brown)  from  the  altered  haemo- 
globin of  disintegrated  corpuscles  (p.  81)  generally  remains  after 
chronic  hyperaemia,  as  is  often  seen  in  the  stomach  and  intestines  after 
portal  congestion,  and  in  the  bladder  and  the  lungs  after  chronic 
catarrh. 

Passive  Hyperaemia  of  the  Liver. 

Passive  hyperaemia  of  the  liver  is  the  result  of  some  obstruction  to 
the  blood-stream  in  its  course  from  the  hepatic  veins  until  it  reaches 
the  aorta.  It  may  thus  be  due  to  the  pressure  of  inflammatory  tissue 
or  exudation  on  the  inferior  vena  cava  ;  to  fibrosis  or  emphysema  of  the 
lung ;  and  especially  to  disease  of  the  mitral  or  the  tricuspid  orifice 
associated  with  failing  com]K>nsation  on  the  part  of  the  walls  of  the 
heart.  Long-continued  passive  hyperaemia  of  the  liver  gives  rise  to 
the  condition  known  as  nutmeg  liver  (Fig.  108).  The  change  is  charac- 
terized by  a  large  accumulation  of  blood  in  the  sublobular  and  intra- 
lobular veins,  which  dilate  and  thicken  ;  by  distention  of  the  supplying 
capillaries  and  venule*;  by  atrophy  of  the  hepatic  cells  in  the  central 
portions  of  the  lobules  {cyanotic  atrophy) ;  and  rarely  by  increase 
of  the  interlobular  connective  tissue.  The  impediment  to  the  re- 
turn of  blood  by  the  hepatic  veins  leads  to  atrophy  of  the  cells  in  the 
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central  portions  of  the  acini  anil  to  the  deposit  of  pigment,  so  that, 
when  examined  microscopically,  these  i»rtious  of  the  acini  are  seen  in 
consist  of   masses  of   broken-down   cells   and   granules  of   pigment, 
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Passive  hypcrreminofiht  liver.  A  single  lobule.  n,  distended  Intralobulsj-Teln  with  thickened 
wall*  [  ft.  6\  Isolated  groups  of  degenerated  liver-cells  nurrounded  by  enonnoutlj  distended 
Capillaries  and  atrophied  liver-cells;  e,  fatty  liver-cells.    X  100. 

separated  from  one  another  by  the  distended  vessels.  The  intralobular 
veins  and  their  radicles  are  much  dilated,  and  filled  with  red  blood- 
corpuscles  (Fig.   109).     Their  walls  are   thickened,  and  there  often 


appears  to  be  some  thickening  of   the  intercellular  network  which 
immediately  surrounds  the  central  vein.     Owing  to  this  tMfllMBMg  of 
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the  central  vein  anil  of  the  adjacent  intercellular  network,  and  to  the 
destruction  of  the  liver-cells,  the  most  central  portions  of  the  acini,  in 
advanced  stages  of  the  disease,  may  appear  to  show  a  greater  increase 
of  fibrous  tissue  than  has  actually  occurred.  At  the  peripheral  parts  of 
the  acini  new  fibrous  tissue  is  occasionally  seen  between  the  almost  unal- 
tered liver-cells.  In  a  few  instances  this  may  be  a  prominent  feature. 
In  the  earlier  stages  of  this  affection  the  liver  is  smooth  and  often 
considerably  increased  in  size  from  the  large  amount  of  blood  which  it 
contains.  On  section,  it  presents  a  peculiar  mottled  appearance,  the 
centre  of  the  lobules  being  of  a  dark-red  color,  whilst  the  peripheral 
portions  are  of  a  yellowish -white.  This  latter  appearance  is  occasion- 
ally increased  by  fatty  accumulation  in  the  peripheral  liver-cells.  The 
appearance  of  such  a  section  is  not  unlike  that  of  a  nutmeg  (Fig.  110). 

Fio.  110. 


Passive  hyperemia  of  the  liver,  a.  a\  a*,  Intralobular  veins,  round  which  the  liver-cells  hare 
atrophied.  Tbli  tone  appear!  pale,  a>  the  red  corpuscles,  with  which  the  distended  capilla- 
ries are  crowded,  are  unstained.  The  external  zone  is  fatty,  but  stains  in  the  usual  manner. 
To  the  naked  ere.  In  unstained  sections,  the  central  tone  I*  dark,  and  the  peripheral  fatty 


Ultimately,  the  organ  may  undergo  a  gradual  diminution  in  size, 
becoming  more  or  less  irregular  on  the  surface.  This  is  due  to  atrophy 
of  the  central  cells  of  the  lobules,  mainly  from  malnutrition  (p.  195), 
but  partly  from  pressure  of  the  dilated  central  veins  and  the  contracting 
interlobular  growth. 


Passive  Hyperemia  of  the  Lungs. 

In  the  lungs,  long-continued  passive  hyperemia  produces  that 
peculiar  induration  and  pigmentation  which  is  known  as  brown  indura- 
tion. This  most  frequently  results  from  stenosis  of  the  mitral  orifice 
or  from  insufficiency  of  its  valves.  The  consequent  changes  consist,  in 
the  first  place,  of  elongation  and  dilatation  of  the  pulmonary  capillaries, 
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so  that  even  in  uuinjected  preparations  the  alveolar  walls  appear  abnor- 
mally tortuous.  The  epithelial  cells  lining  the  alveoli  become  swollen, 
probably  multiply,  and  are  seen  in  large  numbers,  filled  with  dark- 
brown  pigment,  covering  the  alveolar  walls  (Fig.   111).     They  fre- 
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Brown  induration  of  the  lung.    Short  lug  the  &lraunual  number  or  swollen  pigmented  epithelial 
I  covering  the  alveolar  walls,  the  Increase  of  connective  tissue  around  the  bloodvejicli. 
a,  and  the  large  quantity  of  pigment;  A,  the  alveolar  cavity.    X  200- 

quently  accumulate  within  the  alveolar  cavities.  These  changes  are 
followed  by  an  increase  in  the  interlobular  connective  tissue,  by  the 
formation  of  large  quantities  of  brownish-black  pigment,  and  often  by 
a  thickening  of  the  alveolar  walls.  The  bronchial  mucous  membrane 
is  dark  and  the  small  peribronchial  vessels  are  dilated.  Sometimes 
these  vessels  rupture  and  blood  is  extravasated  into  the  tissue  of  the 
lung.  Not  infrequently  these  changes  occur  with  and  after  infarction 
(p.  222),  a  closely  associated  condition. 

Lungs  in  which  these  changes  are  at  all  advanced  present  a  more 
or  less  uniform  brownish-red  tint,  mottled  with  brown  or  blackish- 
colored  specks  and  streaks.  They  are  heavier,  tougher,  and  denser,  a.- 
well  us  less  crepitant  thau  normal. 

DROPSY. 

The  normal  tissues  are  continuously  bathed  in,  and  nourished  by, 
the  lymph,  which  derives  its  nutritive  material  from  the  blood,  and 
passes  on  into  that  fluid  the  products  it  receives  in  exchange  from  the 
tissues.  These  products  find  their  way,  either  by  the  veins  or  by  the 
lymphatics,  luick  to  the  heart,  and  thence  to  the  lungs,  skin  and 
kidneys.  In  all  probability  the  veins  are  quite  as  much  the  soil-pipes 
of  the  tissues  as  the  lymphatics.  To  state  that  there  is,  in  all  parts  of 
the  body,  a  constant  circulation  of  lymph,  transuding  from  the  capil- 
laries and  returning  by  the  lymphatics,  is  more  than  is  justified  by  our 
present  knowledge.  In  the  dog,  at  any  rate,  we  know  that  during 
rest  there  is  no  flow  at  all   from  the  lymphatics  of  the  limbs.     The 


iyinpintMB  Bffim  to  perform   most  of  tlieir  work  during  active  exercise, 
or  in  any  local  emergency. 

Lymph  varies  both  id  amount  and  in  composition.  Tlic  two  factors 
whidi  am  mainly  operative  in  determining  these  are — (1)  the  excess  of 
the  preasare  within  the  capillaries  over  that  in  the  tissues  immediately 
irand  tlieui ;  and  (2)  tlie  special  properties  of  the  cells  of  the  capil- 
lar,' walls. 

1.  Tbe  capillary  pressure  is,  in  general  terms,  a  sort  of  resultant 
"■I*  the  arterial  and  venous  pressure.  It  usually  follows  most 
ly  iliat  in  the  wins.  If  either  the  arterial  or  the  venous  pressure 
OT  fiill,  while  the  corrcsiwndhig  venous;  or  arterial  pressure  remains 

(ONtart,  tlie  eapillary  pressure  will  rise  or  fall  too,  as  the  ease  may  he. 
II.  limiw.T,  otw  of  tin'in,  either  the  arterial  or  the  venous  pressure, 
rise  ur  tall  while  the  other  moves  in  a  contrary  direction,  the  resulting 
<:i|iill;iry  pressure  may  rise,  remain  constant,  or  fall.  Under  such 
circumstances  the  capillary  pressure  is  difficult  to  estimate,  lor  there 
is  iHHnethod  of  direct  measurement.  Must  often,  :is  has  been  said,  it 
IbUowj  that  in  the  veins.  A  statement  regarding  the  arterial  pressure 
woe  IS  rarely  a  safe  guide  to  the  capillary  pressure,  partly  for  the 
lewon  just  given,  and  partly  because  the  arterioles  may  interpose  an 
a'liiili<niril  indeterminate  factor. 

2,  The  influence  exercised  by  the  capillary  walls  upon  the  produe- 
Bon  nf  lymph  has  been  supposed  by  Hcidenhain  and  others  to  be 
"'  lot  nature  of  an  active  secretory  process,  but  by  many  it  is  still 
fcgunlpd  as  a  passive  factor,  the  efficacy  of  which  depends  only  on  the 
efficient  nutrition  of  the  vessel-walls.  According  to  this  second  view, 
'  naad-wall  's  said  to  1«?  more  or  less  "permeable"  in  proportiou  to 
(I]  the  readioesa  with  which  it  allows  fluid  to  transude  (sensitiveness 
1,1  pressure)  ;  and  [2)  the  resemblance  which  the  transuded  fluid  l>ears 
'"  ili.'  plasma  of  the  blood.  Thus,  so  long  as  the  pressure  remains 
c"u*kmt,  the  pmiietibifilif  <•)  thr  ••npHhirii'i  determines  both  the  amount 
;""i  'lip  ei'iiijHi^ition  of  the  lymph.  For  example,  the  capillaries  of 
''"'  liver  an  said  to  be  more  permeable  than  those  of  the  intestine, 
:'"d  loose  of  the  intestine  than  those  of  the  limbs.  By  this  is  meant 
■hat  a  similar  increase  of  pressure    induced   in  each    case  will  not  be 

by  ■  similar  result,  but  that  there  will  !*■  a  marked  increase 
"'  'be  lymph-flow  from  the  liver,  a  less  increase  from  the  intestines, 
"'l|  tbe  smallest  increase  of  all  from  the  limbs  ;  and  that  in  any  case 
'■_'u'  lymph  from  the  liver  will  contain  more  proteid  matter  than  that 
intestines,  and  that  from  the  intestines  more  than  that  from 
'r'"  limbs.  The  -aline  constituents  are  the  same  in  all  cases,  and 
"""respond  in  amount  to  that  found  in  the  blood-plasma.  It  is  well 
!""Mi  that  ascitic  fluid  contains  more  albumin  than  (edematous  fluid 
"""m  the  legs,  and  that  this  is  so  under  all  conditions,  and  does  not 
''I"'ni|  on  the  disease  producing  the  dropsy.  Damage — -such  aw 
'  'I'I'uil'  B  limb  into  very  hot  water- — increases  the  permeability  of  the 
and,   therefore,    both   the   amount  of  fluid   transuded  and 
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resemblance  which  it  hoars  to  blood-plasma.      It  is  probable  that  a 
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somewhat  similar  but  less  pronounced  change  may  be  caused  by  gradual 
alterations  in  nutrition,  due  to  the  circulation  of  defective  or  vitiated 
blood,  and  that  increased  friction  and  greater  permeability  may  result. 

Heidenhain  found  that  by  introducing  certain  substances  into  the 
blood  he  could  produce  an  increase  in  the  flow  of  lymph.  These 
substances  he  called  "  lymphagogues,"  believing  that  they  in  some 
way  stimulated  the  supposed  secretory  power  of  the  capillary  walls. 
Starling  has,  however,  shown  that,  in  the  case  of  dextrose,  the  first 
effect  of  its  introduction  is  to  cause  a  reabsorption  of  fluid  into  the 
bloodvessels,  and  a  consequent  increase  in  the  total  quantity  of  fluid 
they  contain.  This  in  its  turn  produces  a  rise  in  the  venous,  and 
therefore  in  the  capillary,  pressure ;  and  to  this  increased  pressure 
rather  than  to  any  special  secretory  process  he  attributes  the  additional 
lymph-flow.  Starling  further  shows  that  if  an  amount  of  blood  equal 
to  the  expected  absorption— caused  by  the  introduction  of  the  dextrose 
— be  previously  withdrawn,  no  increase  in  the  total  amount  of  blood, 
no  rise  of  the  venous  pressure,  and  no  addition  to  the  ordinary  lymph- 
flow,  will  occur.  It  seems,  therefore,  that  pavneability  should  still  be 
regarded  as  depending  on  a  diminished  power  of  retention  rather  than 
as  an  active  secretory  process. 

By  dropsy  is  meant  the  retention  of  lymph,  either  in  connective- 
tissue  spaces  or  in  serous  cavities,  though  by  some  writers  it  is  used 
only  with  reference  to  the  latter.  The  term  oedema  is  limited  to 
dropsy  of  the  connective-tissue  spaces,  while  anasarca  means  oedema 
of  the  subcutaneous  tissue.  Thus  we  speak  of  "general  dropsy," 
"  oedema  of  the  lungs,"  "  anasarca  of  the  legs." 

It  is  practically  certain  that  the  causes  of  increased  lymph-flow  are 
also  the  causes  of  dropsy.  It  is  quite  certain  that  the  most  marked 
examples  of  dropsy  are,  in  practice,  associated  with  marked  increase  in 
venous  pressure  acting  over  a  long  period.  Among  these,  local  obstruc- 
tion to  the  return  of  venous  blood  plays  the  chief  part.  This  may  be 
caused  by  the  pressure  of  cicatricial  tissue,  or  of  a  tumor,  or  by  throm- 
bosis. Inefficient  action  of  the  heart,  such  as  that  occurring  in  late 
stages  of  valvular  disease,  causes  a  fall  in  arterial,  but  a  rise  in  venous, 
pressure,  with  a  consequent  slowing  of  the  circulation.  As  the  veins 
become  distended  their  valves  become  incompetent,  and  the  action  of 
gravity  on  the  enlarged  blood-column  adds  enormously  to  the  pressure 
in  the  capillaries  of  the  legs  and  thus  produces  anasarca.  A  slighter 
form  of  oedema  of  the  legs,  in  women  whose  occupation  involves  much 
standing,  is  due  to  the  combined  influence  of  constipation,  garters,  and 
gravity.  In  all  these  cases  the  passive  congestion  probably  increases 
the  permeability  of  the  capillary  walls.  The  certainty  that  the  increased 
venous  pressure  is  the  cause  of  the  dropsy  rests  mainly  on  the  con- 
stancy with  which  the  dropsy  disappears  when  the  increase  in  pressure 
is  removed.  Increased  arterial  pressure  is  sometimes  credited  with  the 
production  of  dropsy,  but  it  is  uncertain  whether,  in  the  absence  of 
increased  venous  pressure,  it  is  a  sufficient  cause.  No  convincing  proofs 
of  such  a  mode  of  causation  have  l>ecn  given.  In  that  form  of  chronic 
Bright's  disease   known   as   "granular  kidney"  there  is  a  marked 
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increase  in  the  arterial  pressure,  but  it  is  generally  stated  that  no  oedema 
occurs  until  the  heart's  action  begins  to  fail,  and  the  venous  pressure 
consequently  rises.  Possibly  in  such  conditions  the  contracted  arteri- 
oles may  partially  neutralize  the  effect  and  act  as  a  guard  to  the  capil- 
laries. As  a  matter  of  fact,  many  cases  occur  in  which  oedema  is  asso- 
ciated with  chronic  renal  disease  without  any  other  signs  of  cardiac 
failure ;  and  it  seems  that  the  above  statement  is  too  absolute.  In 
such  instances  the  oedema  is,  however,  more  probably  due  to  toxic  sub- 
stances present  in  the  blood  (nee  below)  than  to  the  increase  of  arterial 
tension.  An  experiment  of  Heidenhain's  shows  how  fallacious  it  is  to 
trust  to  arterial  pressure  as  a  guide  to  capillary  pressure.  By  obstruct- 
ing the  thoracic  aorta,  this  observer  enormously  reduced  the  arterial 
pressure.  Notwithstanding  this  reduction,  he  found  that  the  com- 
bined lymph-flow  from  the  intestines  and  liver  together  showed  no 
proportional  fall,  though  the  lymph  obtained  included  an  appreciably 
larger  amount  of  proteids.  Heidenhain's  inference  was  that  no 
process  of  mere  tissue-filtration  could  possibly  explain  the  result. 
Starling  repeated  this  experiment,  but  took  the  precaution  of  measur- 
ing the  pressures  in  the  portal  vein  and  in  the  inferior  vena  cava, 
as  well  as  in  the  femoral  artery.  He  found  that  the  enormous  fall  in 
the  arterial  pressure  was  accompanied  by  a  considerable  drop  in  that 
in  the  portal  vein,  but  by  a  distinct  rise  in  that  in  the  inferior  vena 
cava ;  so  that,  although  the  pressure  in  the  intestinal  capillaries  was 
almost  nil,  the  pressure  in  those  of  the  liver  was  probably  increased. 
He  further  showed  that  the  flow  of  lymph  from  the  intestines  ceased, 
while  that  from  the  liver  (normally  the  more  concentrated)  continued, 
as  might  have  been  inferred  from  the  pressure  conditions.  In  this 
way  the  changes  in  capillary  pressure  were  found  to  explain  the  altera- 
tions in  both  the  quantity  and  character  of  the  lymph. 

The  second  great  division  of  dropsy  comprises  those  cases  associated 
with  inflammation  of  the  kidneys  and  deficient  urinary  secretion.  In 
renal  dropsy  the  exuded  fluid  contains  a  smaller  percentage  of  proteid 
and  a  larger  percentage  of  extractives  than  in  dropsy  due  to  increased 
venous  pressure,  although  the  same  proj>ortionate  difference  between 
the  composition  of  the  ascitic  and  subcutaneous  fluid  obtains.  The 
urine  in  renal  dropsy  generally  contains  a  large  amount  of  albumin, 
and  the  consequent  diminution  in  the  albumin  of  the  blood  possibly 
affords  some  explanation  of  the  small  amount  in  the  dropsical  fluid. 
Moreover,  in  these  cases  there  is  no  ascertained  increase  of  venous 
pressure.  It  is  true  that  the  pressure  in  the  arteries  is  often  raised, 
but  the  rise  bears  no  uniform  relation  to  the  oedema.  Possibly  the 
dropsy  is  due  to  the  action  of  some  toxic  substances  upon  the  capillary- 
walls,  whereby  their  permeability  is  increased.  There  is,  however,  no 
constant  relationship  between  dropsy  and  uraemia,  which  is  also  l>elieved 
to  depend  on  a  similar  cause.  It  has  been  suggested  that  in  these 
cases  there  are  substances  circulating  in  the  blood  which  act  like  the 
experimentally  injected  dextrose*,  and  that  these  substances  produce  a 
condition  of  plethoric  hydramxia  and  a  consequent  general  rise  of  hlood- 
pressure  followed  by  oedema.     Recent  experiments  tend  to  show  that 
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in  chronic  renal  disease  there  is  deficient  excretion  of  sodium  chloride, 
which  consequently  tends  to  accumulate  in  the  tissues.  The  oedema  of 
Bright's  disease  may  he  consequent  upon  this  accumulation,  causing  with- 
drawal of  fluid  from  the  blood  into  the  spaces  of  the  connective  tissue. 

In  cardiac  failure  there  must  be  some  hindrance  to  the  exit  of  lymph 
from  the  thoracic  duct,  and  this  may  be  an  adjunct  in  dropsy  due  to  car- 
diac causes.  Local  pressure  on  the  lymphatics  does  not  usually  produce 
oedema,  though  the  occasional  presence  of  chyle  in  the  urine,  or  in  the 
pleural  or  peritoneal  cavities,  is  generally  attributed  to  blocking  of  the 
respective  lymphatics  by  growths  or  parasites,  or  to  rupture  of  the  tho- 
racic duct  or  receptaculum  chyli. 

In  anaemia,  neuralgia,  exophthalmic  goitre,  tumors  of  the  spinal  cord, 
and  other  diseases,  slight  degrees  of  oedema  are  occasionally  met  with. 
Section  of  the  spinal  cord  produces  vaso-constrictor  paralysis,  and  tumors 
probably  act  in  a  similar  manner.  In  the  other  cases  vaso-motor  derange- 
ments are  common,  and  though  their  cause  is  less  definitely  ascertained, 
paralysis  of  vaso-constrictor,  or  direct  action  of  vaso-dilatator  nerves  is 
probable,  and  would  furnish  a  sufficient  cause.  Experimental  anaemia 
gives  rise  to  no  increased  lymph-flow,  but  it  does  not  follow  that  defective 
blood  acting  over  a  long  period  might  not  increase  the  permeability  of 
the  capillaries.  Experiments  on  the  spinal  cord,  and  on  the  splanchnic 
and  vagus  nerves,  have  hitherto  failed  to  afford  satisfactory  evidence  of  the 
existence  of  any  nervous  cause  of  oedema  apart  from  vaso-motor  changes. 

Localized  areas  of  oedema  of  the  skin  are  met  with  in  the  condition 
known  as  urticaria.  This  disease;  is  often  associated  with  the  presence* 
of  toxic  matter  in  the  blood,  derived  as  a  rule  from  the  alimentary  canal. 
In  some  instances  a  similar  condition  is  apparently  produced  by  the  action 
of  the  nervous  system,  slight  stimulation  of  the  skin  (pressure)  being 
followed  by  the  appearance  of  urticarial  wheals  (urticaria  favtitia). 

THROMBOSIS. 

Thrombosis  is  the  coagulation  of  the  blood  within  the  vessels  during 
life.  The  product  is  called  a  thrombus,  in  opposition  to  a  coagulnm  or 
clot — the  result  of  post-mortem  coagulation.  Thrombosis  may  occur 
in  the  heart,  arteries,  capillaries,  and  especially  in  the  veins.  It  is  by  no 
means  certain  that  the  process  of  coagulation  is  the  same  in  all  cases. 

Causation. — Throml>osis  is  generally  said  to  be  due  to  one  or  more 
of  three  causes  :  damage  or  absence  of  the  lining  cells  of  the  vessel- 
walls  ;  retardation  of  the  blood-stream  ;  and  changes  in  the  blood  itself 
increasing  its  coagulability. 

I.  Damage  or  Absence  of  the  Lining  of  the  Vessel-wall. — When  coag- 
ulation of  circulating  blood  occurs,  it  is  usually  upon  some  obviously 
diseased  surface.  It  is  probable  that  the  influence  of  the  vessel-wall  is 
neutral  or  passive  so  long  as  it  is  living  and  healthy.  Thus  the  normal 
vessel-wall  may  be  compared  to  greasy  and  viscous  substances,  like 
vaseline,  paraffin  and  castor  oil,  in  contact  with  which  blood  may  be 
kept  filled  for  long  periods,  and  yet  be  ready  to  coagulate  normally  an  soon 
as  it  touches  rough  solid  matter  to  which  the  corpuscles  can  adhere. 

Although  the  vessel-trail  has  been  spoken  of,  the  integrity  of  the 
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dothelial  layer  is  alone  necessary.  Fatty  and  calcareous  changes  of  the 
deeper  structures  do  not  cause  thrombosis,  whilst  atheromatous  ulcers, 
foreign  bodies,  and  nodules  of  new-growths — all  uncovered  by  endothe- 
lium— may  ;  moreover,  severe  injury  of  capillaries,  which  possess  only 
endothelium,  causes  thrombosis  in  them.  Damage  or  absence  of  the  en- 
dothelium of  the  bloodvessels  is  the  most  important  condition  in  the 
production  of  thrombosis.  This  damage  or  absence,  as  already  stated, 
may  be  due  to  many  causes. 

1.  Injuries  may  destroy  or  injure  the  endothelium.  Among  the  most 
important  of  these  are  section,  rupture,  ligature,  and  torsion  of  vessels. 
In  section  and  rupture,  thrombosis  starts  from  the  damaged  intima  and 
constitutes  part  of  the  process  by  which  hemorrhage  is  naturally  and 
temporarily  arrested  (p.  217).  Cauteries  and  caustics  furnish  other 
examples  of  the  effect  of  injury  in  producing  thrombosis. 

2.  Diseases  of  the  vessel-walls  may  affect  tlie  endothelium.  Thus, 
thrombosis  may  occur  on  atheromatous  ulcers,  on  bare  calcareous  plates, 
or  on  an  intima  damaged  by  syphilitic  inflammation,  or  by  the  extension 
of  spreading  inflammations  from  other  parts. 

There  is  some  uncertainty  concerning  the  part  played  by  the  walls  of 
the  veins  in  the  production  of  thrombosis.  The  influence  of  inflamma- 
tion of  the  walls  (acute  phlebitis)  in  pyarmia  is  considered  elsewhere 
(see  Diseases  of  Bloodvessels,  Chapter  XL) ;  but  venous  thrombosis 
is  also  a  frequent  complication  in  many  chronic  wasting  diseases,  spe- 
cific fevers,  and  other  disorders.  Pyogenic  or  other  micro-organisms 
are  present  in  most  of  the  thrombi  occurring  in  these  cases,  and  in 
some  of  the  instances  there  is  but  little  doubt  that  an  infective  phleb- 
itis has  preceded  the  thrombosis  (Welch).  The  organisms  may  be 
derived  from  the  blood  circulating  in  the  affected  veins.  As  in  endo- 
carditis, they  cause  necrosis  of  the  endothelium,  thus  giving  rise  to 
fibrin-ferment,  while,  later  on,  they  lead  to  inflammatory  changes  in  the 
vessel-wall.  It  is  possible  that  in  some  cases  the  organisms  may  reach 
the  vessels  by  way  of  the  vasa  vasorum  or  lymphatics. 

3.  Imperfect  blood-supply  to  a  part,  causing  disease  of  the  vessel-walls 
by  imperfect  nutrition.  Here  slowing  of  the  circulation  is  the  indirect, 
and  deficient  vascular  supply  the  immediate,  cause.  It  is  probably  not 
a  very  important  group,  as  there  are  reasons  for  supposing  that  the 
nutrition  of  the  intima  may  be  maintained  bv  the  circulation  in  the  vasa 
vasorum,  apart  from  that  in  the  affected  vessel  (Fig.  112  ;  see  Inflam- 
mation of  Arteries),  and  there  is  no  necessary  relationship  between  these 
two  portions  of  the  circulation.  This  cause  is  chiefly  operative  in  the 
case  of  the  smallest  vessels.  The  conditions  affecting  the  blood-supply 
will  l>e  considered  in  a  subsequent  section. 

4.  The  presence  of  foreign  bodies  in  the  vascular  system.  These  com- 
prise such  things  as  needles,  horsehair,  or  wire  introduced  into  the  sac 
of  an  aneurism  ;  pre-existing  clots  (thrombi  or  emboli);  parasites,  such 
as  Distomata,  which  have  penetrated  the  vessels  ;  and  new-growths 
which  project  into  the  interior  of  veins.  In  all  these  instances  the 
thrombus  forms  first  upon  the  foreign  substance  itself.  The  roughness 
of  the  surface  of  the  foreign  lxxly  seems  to  be  a  factor  of  some  im- 
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portance.     Zahn   introduced  amall  glass  balls  without   proda h\  ■■■■• 

thrombosis. 

n.  Retardation  of  the  Blood-stream. — Sometimes  the  causes  juet  too- 
sidered  (abnormality  of  surface)  are  insufficient  to  cause  extenem  fa* 
ting,  until  retardation  of  the  blood-stream  is  added.     For  >■■■■ 
the  aorta  we  sometimes  find  calcareous  plates  uncovered  by  endothelii 
but  with  little  or  no  adherent  fibrin.      In  anettritm*,  too,  the  wall 
always  abnormal  anil  the  circulation  somewhat  retarded  ;   but 
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dotting  to  effect  a  cure  may  not  occur  until,  by  treatment,  * 
further  reduce  the  current,  and   thus  prolong  the  contact  of  the 
with  the  abnormal  surface.      In  veins,  however,  where  the  bh 
is  slow,  slight  lesions  in  the  walls  are  rapidly  followed  by  thrombr 

On  the  other  hand,  retardation,  or  even  arrest,  seems  unable  by  il 
to  produce  thrombosis.  So  long  as  the  endothelium  i-  kept  fairly  n 
ished  and  the  blood  is  of  normal  quality  and  free  from  micro-orgiui 
the  BtBgoanl  blood  doa  not  oongnlate. 

How  arc  these  different  result*  to  1»'  explained?     Emptfold1  ei 
la! inn  iti  a  [cirt  mean-  damage  to  all  the  tissues  supplied — to  the  el 
theliiirn   of  tin'   vessels  among  others.      It    is,  of  course,  jtossihh*  t 
diminishing  the  rapidity  of  the  blood-stream  may  have  no  other  influ- 
ence than  thai  which  ii  exerts  in  this  direction.     Then'  are, 
reasons  for  assigning  to  it  a  more  direct  action.      All  parts  of  a  strwun 
flowing  through  a  ttil>e  do  not    proceed  at  the  same  rate.      T:. 
or  axial   part  of  the  stream  invariably  travel-  faster  than  tbl 
or  periaxial,  for  it  is  exposed  u-  less  friction.     If  solid  partiel 
pended  in  such  a  fluid,  those  with  ns|wviti<'gntvih  most  eloaelj  ap 
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Fig.  113. 


ing  that  of  the  fluid  will  move  most  rapidly,  and  maintain  their  position 
in  the  axial  stream  most  easily.  If  the  rate  of  flow  he  diminished,  the 
tendency  of  the  suspended  particles  to  remain  in  the  axial  stream  will 
also  diminish,  and  this  will  be  in  proportion  to  the  difference  between 
their  respective  specific  gravities  and  that  of  the  fluid  in  which  they  are 
suspended. 

In  most  arteries  and  in  many  veins  the  periaxial  stream  contains 
only  plasma  and  a  few  leucocytes.  But  directly  the  stream  slackens 
leucocytes  leave  the  axial  stream  in  large  numbers  and  lag  behind  close 
to  the  walls,  while  even  the  red  corpuscles  maintain  less  perfectly  their 
axial  position.  The  blood-platelets  generally 
occupy  the  axial  stream,  but  fall  out  soon  after 
the  leucocytes,  and  from  the  same  cause.  Now 
whether  we  attribute  to  the  leucocytes  or  to  the 
platelets  the  chief  function  in  the  production  of 
the  thrombus  (p.  212),  it  is  quite  evident  that, 
though  the  lining  membrane  of  the  vessel  be 
diseased,  yet  the  increased  friction  thereby  pro- 
duced may  be  insufficient  to  cause  any  practical 
slowing  of  the  blood-stream  at  that  point,  and 
insufficient,  therefore,  to  bring  either  platelets 
or  leucocytes  into  contact  with  the  damaged 
part  of  the  wall.  In  this  way  we  may  have  an 
abnormal  endothelial  lining  without  any  result- 
ing thrombosis. 

On  the  other  hand,  when  the  current  is  slow, 
as  in  the  veins,  the  leucocytes  and  platelets  will 
readily  come  into  contact  with  the  sides  of  the 
vessel  and  may  produce  clotting,  even  though 
the  damage  to  the  vessel- wall  be  comparatively 
slight.  In  this  way  we  find  that  neither 
damage  to  the  endothelium  nor  slowing  of  the 
circulation  need  be  followed  by  thrombosis  ;  anil 
that  the  former  is  the  more  iinj>ortant  cause  of 
the  two,  l>ecause  there  are  many  places  where 
the  blood-stream  is  naturally  slow.  The  occur- 
rence of  local  eddies  in  the  blocxl-stream  is  prob- 
ably of  considerable  im|x>rtancc  in  determining 
the  occurrence  and  |>osition  of  thrombi  (Fig. 
113). 

A  tendency  to  stagnation  of  blood  may  be 
due  to  many  causes,  of  which  the  most  im|M>r- 
tant  are  cardiac  weakness,  general  diminution 
of  vascular  tonus,  and  dilatation  (ytirix)  of  veins. 
All  these  an*  often  present  in  a  single  ease  and, 
rombined  with  the  action  of  micro-organisms, 
are  the  princijKiI  factors  in  the  causation  of  the 

u  marasmic  clots  "  of  Virchow.  These  form  hi  the  mont  dependent  reins 
—f.ff.f  those  of  the  lower  limb,  pelvis,  or  back  ;   in  the  verehral  vein* 


Diagram  to  show  phenomena 
of  venous  thrombosis,  r,  r\ 
vhIvch  of  vein*;  a,  b,  pri- 
mary thrombus  (white); 
'".<'. './.  ft, secondary  white 
thrombi  connected  with 
primary  white  thrombus 
by  various  red  thrombi :  h, 
piece  of  white  thromhu* 
becoming  detached  by 
blood  current.  (Modified 
from  ThoiuH.) 
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and  fiinuHCH,  where  the  venous  circulation  is  ordinarily  very  slow  anil 
difficult ;  and  in  tlwne  parts  of  the  heart  in  which  blood  tends  to  remain 
when  the  organ  first  fails  to  contract  efficiently — e.  g.}  the  auricular 
appendices,  the  apices  of  the  ventricles,  and  the  spaces  between  the  tra- 
becule. In  veins  these  clots  begin  just  behind  the  flaps  of  valves  (Fig. 
113).  The  force  of  the  venous  current  is  so  slight,  or  the  resistance 
to  it  so  great,  that  it  no  longer  opens  the  valves  completely ;  the  blood 
consequently  stagnates,  and,  after  a  time,  coagulates  behind  the  cusps. 
Such  clots  occur  in  the  course  of  many  exhausting  diseases — as  phthisis 
and  cancer — in  which  thrombosis  is  materially  facilitated  by  the  quies- 
cent state  of  the  patient. 

In  varicose  veins,  which  are  frequently  the  seats  of  thrombosis,  the 
circulation  is  extremely  slow,  and  the  endothelium,  owing  to  imperfect 
nutrition,  can  scarcely  ever  be  healthy,  though  it  is  not  always  so  dam- 
aged as  to  excite  coagulation. 

m.  Certain  conditions  of  the  blood  seem  to  favor  coagulation  and  to 
promote  the  occurrence  of  thrombosis.  It  is  said  that  the  tendency 
to  coagulation  is  increased  during  the  later  months  of  pregnancy, 
after  profuse  hemorrhage,  and  in  certain  acute  inflammatory  diseases, 
such  as  acute  rheumatism,  erysipelas,  pneumonia  and  pleurisy.  The 
only  two  ascertained  changes  in  the  blood,  likely  to  lead  to  thrombosis, 
are  (1)  the  presence  of  micro-organisms,  and  their  products,  ami  (2)  an 
increase  in  the  platelets.  The  micro-organ  Urns  may,  in  addition  to 
their  other  results,  assist  thrombosis  by  producing  u  clumping  "  of  the 
red  corpuscles.  The  platelet*  may  be  found  in  large  numbers  at  the 
end  of  many  of  the  acute  fevers,  constituting  a  "  platelet-crisis " 
(Hay em),  while  a  moderate  increase  has  been  often  observed  in 
ansemia,  spleno-medullary  leiicocytluemia  and  other  diseases.  To  what- 
ever cause  it  mav  be  due,  an  increased  tendency  of  the  blood  to 
coagulate  is  probably  never  more  than  a  predisposing  cause  of 
thrombosis. 

It  is  well  known  that  the  presence  of  calcium  salts  is  essential  to 
the  coagulation  of  the  blood  ;  while  the  addition  of  oxalates  will  neu- 
tralize the  effect  of  their  presence  and  prevent  coagulation.  So  also, 
among  the  products  of  cell-action,  substances  allied  to  nuclein  aid 
coagulation,  while  albumoses  hinder  it.  The  bearing  of  these  facts 
upon  the  phenomena  of  thrombosis  is  at  present  unknown. 

Characters  of  Olots  and  Thrombi. — Post-mortem  coagula  in  the 
heart  are  generally  huffy.  The  thickness  and  firmness  of  the  pale  layer 
generally  varies  with  the  time  which  elapses  before  the  changes  in  die 
heart-suhstanre  allow  coagulation  to  begin,  but  is  to  some  extent 
dc|Kiident  on  the  tendency  of  the  red  corpuscles  in  certain  diseases — 
e.  //.,  pneumonia — to  form  dense  ('lumps  instead  of  more  open  meshes 
or  rouleaux  :  its  j>osition  indicates  the  part  that  was  uppermost  after 
death.  Though  not  adherent,  the  clots  arc  often  so  much  entangled 
among  the  chorda*  and  tralwuhe,  that  they  cannot  readily  be  removed. 
Post-mortem  clots  in   the   vowel*  are  m/,  *oftf   and  never  adherent 
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They  do  not  fill  the  vessel?,  and  can  be  easily  drawn  out  of  them  as 
long  strings. 

Thrombi  or  ante-mortem  clots  are  of  two  kinds — red  and  white, 
according  as  they  originate  from  stagnant  or  from  circulating  blood. 

In  the  former  case,  as  seen  in  an  artery  or  vein  after  ligature,  more 
or  less  of  the  stagnant  blood  on  either  side  of  the  knot  coagulates  into 
an  ordinary  red  clot — soft,  uniform  on  section,  and  adherent  to  the 
vessel-wall  where  this  is  injured.  The  thrombus,  still  adhering  to  the 
wall,  then  contracts,  becomes  drier  and  less  elastic,  but  still  remains 
red.  This  is  the  state  in  which  a  red  thrombus  is  generally  found. 
If  the  surface  of  a  red  thrombus  be  exposed  to  circulating  blood,  a 
layer  of  white  thrombus  may  be  deposited  on  it  (Fig,  113). 

When  coagulation  occurs  in  blood  which  vt  still  circulating,  as  in  the 
sac  of  an  aneurism  or  on  a  cardiac  vegetation,  a  white  or  mixed 
thrombus  results. 

This  is  made  up  of  a  mass  of  blood-platelets,  fibrin  and  leucocytes. 
According  to  Welch,  the  first  deposit  in  a  white  thrombus  consists  of 
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platelets  in  the  form  of  jkiIc  roundish  bodies,  in  size  averaging  a 
quarter  of  that  of  a  red  corpuscle.  In  a  short  time,  between  and  at 
the  edges  of  the  masses  of  platelets,  a  dejiosit  of  uninjured  multi- 
nucleated leucocytes  begins,  and  shortly  afterward  fibrin  appears  at 
the  same  places.  Ordinary  white  thrombi  are  gray isli- white  or  reddish 
in  color,  firmly  adherent  to  the  vessel-wall,  and  usually  stratified. 
Examined  microscopically,  they  are  found  to  consist  of  granular  masses 
made  up  of  altered  platelets  and  separated  from  one  another  by  fibrin, 
leucocytes,  and  a  larger  or  smaller  number  of  ml  corpuscles  (Fig.  114). 
A  thrombus  may  lw  either  parietal  (loTOlhlg  one  or  more  lamina? 
attached  to  the  vessel-wall)  or  ohdrutiirv  (completely  filling  up  the 
lumen),  thus  causing  either  partial  or  complete  occlusion  of  the  vessel. 
A  parietal  thrombus  is  always  of  the  white  variety,  while  an  nbntructive 
thrombus  may  be  either  red  or  white.  Once  formed,  both  varieties  extend 
in  the  same  way,  by  the  formation  of  a  red  thrombus  where  the  blood  is 
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stagnant,  and  by  the  deposition  of  platelets,  fibrin  and  leucocytes  where 
it  is  circulating.  A  parietal  may  be  thus  converted  into  an  obstructive 
thrombus.  The  extension  of  the  latter  is  generally  checked  by  the 
rapidity  of  the  blood-current  at  the  junction  of  the  first  large  collateral 
branch  in  each  direction  (Fig.  1 13)  ;  but  sometimes,  especially  in  veins, 
the  thromlx>sis  continues,  and  a  clot  may  extend  from  the  veins  of  the  foot 
to  the  vena  cava.  Both  in  arteries  and  veins,  extension  is  most  likely 
to  take  place  in  the  direction  of  the  circulation,  though  it  may  occur  in 
an  opposite  direction.  Obstructive  thrombi  generally  adhere  to  the  wall 
throughout  their  whole  length,  but  sometimes  they  do  so  only  at  their 
points  of  origin. 

A  few  rare  forms  of  thrombus  are  occasionally  met  with.  (1)  Hyaline 
Uirombi.  In  the  smallest  vessels,  and  especially  in  the  capillaries,  there 
are  sometimes  found  refractive  homogeneous  translucent  plugs,  readily 
colored  dark  blue  with  Weigert's  fibrin-stain.  These  are  probably  de- 
rived either  from  platelets  or  directly  from  red  corpuscles.  (2)  Fibrin- 
ous* thrombi.  Masses  of  fibrin  are  occasionally  found  blocking  the 
smaller  vessels,  especially  in  the  consolidated  portions  of  the  lung  in 
acute  pneumonia.  (.*>)  Leueorytic  thrombi.  Vessels  are  sometimes  found 
filled  with  leucocytes,  but  it  is  doubtful  if  these  should  be  regarded  as 
true  thrombi. 

Final  Changes  in  Thrombi. — Thrombi  may  remain  with  but  little 
change  beyond  dccolorization,  or  they  may  undergo  noftening  or  become 
organized. 

Decolonization. — The  first  change  in  a  red  thrombus  is  a  breaking- 
down  of  the  red  corpuscles.  Their  stromata  become  unrecognizable, 
and  the  haemoglobin  is  set  free  and  in  great  part  absorbed,  though  some 
may  remain  as  granular  haematoidin.  As  a  result,  the  thrombus  loses 
its  deep  red  color  and  acquires  a  finely  mottled. reddish-gray  tint.  The 
process  begins  in  the  centre,  and  takes  weeks  or  months  before  it  is 
completed. 

Long  thrombi,  such  as  occur  after  ligature  of  the  lowrer  part  of  the 
carotid,  as  well  as  large  laminated  thrombi,  like  those  in  aneurisms, 
may  remain  for  long  periods  as  more  or  less  granular  masses  of  non- 
irritant  fibrin,  without  any  sign  of  organization  or  of  softening. 

Calcification  may  occur  in  these  thrombi  as  a  late  change,  and  thus 
give  rise  to  pldebolith*.  These  are  especially  common  in  the  prostatic 
plexus. 

Softening. — That  thrombi  can  disappear  and  leave  the  lumen  of  the 
vessel  pervious  is  certain  ;  for  when  it  was  the  custom  for  venesection 
to  l>e  performed  at  regular  intervals,  the  repeated  bleedings  were  fre- 
quently effected  from  the  same  vein.  In  modern  times  also,  re-estab- 
lishment of  the  circulation  is  known  to  have  occurred  through  spermatic 
veins  and  through  the  superficial  veins  in  the  leg,  in  cases  where  throm- 
bosis had  undoubtedly  taken  place. 

The  process  by  which  this  occurs  is  not  known,  but  in  a  large  number 
of  cases  it  is  probably  the  result  of  some  form  of  softening  process.   Soft* 
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ening  may  be  simple  or  infective.  Infective  softening  is  invariably  due 
to  pyogenic  or  putrefactive  organisms.  Organisms  are  often  found  in 
simple  softening,  but  this  variety  is  not  infective,  and  probably  has  some 
other  cause. 

1.  Simple  softening. — The  changes  commence  by  the  disintegration 
of  the  centre  of  the  thrombus  and  by  the  formation  of  a  more  or  less 


Section  through  *■  portal  canal  In  i 

"umbilical  pfmalM."    Therein-wall  (V^lJ  converted  Intogranulatlon-tliiue.    Lumen  of  vein 
in  below  on  the  left,     x  W.    (Boyd.) 

fluid,  pappy  substance,  which  has  a  reddish-gray  color,  varying  with 
that  of  the  thrombus  which  is  undergoing  the  change.  To  the  naked 
eye  the  fluid  often  looks  like  pus,  and  the  process  is  still  sometimes 
spoken  of  as  the  "  purifbrni "  softening  of  a  clot.  But  Virchow  long 
ago  pointed  out  that  the  fluid  consisted  of  the  debris  of  corpuscles  and 
fibrin — albuminous,  fatty,  and  pigmentary  granules.  There  may  be  a 
few  recognizable  white  corpuscles  in  it,  which  have  probably  migrated 
from  without.  In  cases  of  constriction  of  the  mitral  orifice  of  the  heart, 
with  consequent  dilatation  of  the  left  auricle  and  slowing  of  the  circula- 
tion, Urge  clots  undergoing  this  change  may  lie  found  in  the  auricles. 
They  consist  of  little  more  than  Irngs  of  thick,  gramous  fluid.  The 
outer  lamina;  generally  form  a  firm  case  for  the  softened  central  part, 
and  if  the  softening  approach  the  surface,  this  case  is  often  thickened  at 
that  point  by  the  formation  of  fresh  protective  clot.  Not  infrequently, 
however,  the  encasing  clot  may  be  perforated  and  the  contents  discharged 
into  the  circulation.  The  larger  particles  may  form  emboli  (p.  210), 
probably  too  minute  to  cause  symptoms.     When  the  contents  of  an 
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obstructive  thrombus  occurring  in  an  artery  or  vein  are  thus  discharged, 
the  circulation  in  the  vessel  may  be  re-established  through  the  centre 
of  the  thrombus.  This  process  constitutes  one  form  of  canalization  of 
a  thrombus. 

2.  Infective  softening. — Certain  cases  of  puriform  softening,  similar, 
so  far  as  the  naked  eye  can  detect,  to  the  above,  are  accomi>anied  by  all 
the  symptoms  of  septic  poisoning.  The  wall  of  the  affected  vein  is 
found  acutely  inflamed  and  often  suppurating  (Fig.  115) ;  while  any 
portions  of  the  clot  which  enter  the  circulation  are  ao  charged  with 
organisms  that  suppuration  ensues  wherever  they  are  lodged  (see 
Pyemia),  The  Streptococcic  pyogenes  is  the  organism  most  frequently 
present,  and  to  it  the  infective  properties  of  the  broken-down  clot  are 
due.  In  the  great  majority  of  these  cases  the  veins  affected  lead  directly 
from  a  wound,  and  then  the  mode  of  entry  of  the  specific  micrococci  ie 
evident.  In  many  cases,  no  direct  infection  can  be  traced.  When 
infective  softening  is  due  to  putrefactive  bacteria  the  thrombus  is  con- 
verted into  a  stinking  yellowish  red  fluid. 

Organization. — Organization  of  thrombi  is  most  frequently  observed 


Organ  I  Ml  inn  of  a  Ihmmbiui. 
r,  portion  »f  unnltiTril  tlm 

forming  the  in-*  vcssa-ls  in 
tqr  »].ii..llv-tfllB  «n.i  lil.rllli 


in  arteries  which  have  been  ligatured.  By  this  procedure  the  middle 
and  internal  coats  an'  divided  ;  the  cut  ends  of  these  at  once  retract  and 
become  inverted,  while  a  red  thrombus  forms  on  each  side  of  the  liga- 
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ture,  extending  from  the  divided  ends  until  it  almost  or  quite  reaches 
the  first  collateral  branch.  The  thrombus  thus  formed  undergoes  the 
changes  described  under  decolonisation,  and  gradually  disintegrates, 
playing  a  purely  passive  part  in  the  subsequent  process.  The  cut  ends 
of  the  vessels  undergo  proliferative  inflammatory  changes.  The  intima 
becomes  thickened,  and  the  internal  elastic  lamina  obscured  and  in  places 


i«  wall  »f  the  vein 


by  I>r,  Rolleston.) 


broken  up.  The  clot  becomes  gradually  invaded  and  replaced  by  new 
cells  derived  from  the  endothelium  and  fixed  connective- tissue  cells 
of  the  vessel  (Fig.  116)  by  what  is  apparently  a  proliferative  inflam- 
mation. Channels  lined  with  these  cells  traverse  the  clot,  and  here 
and  there  separate  it  fn>m  the  vessel-wall  (Fig.  1 1 7).  These  ultimately 
form  bloodvessels  connected  with  the  now  enlarged  vasa  vasorum,  by 
means  of  vessels  entering  by  the  cut  end  or  by  the  spaces  where  the 
internal  elastic  lamina  lias  disappeared.  The  vessels  (Fig.  118)  and 
channels  (Fig.  117)  in  the  clot  occasionally  communicate  with  the 
blood  in  the  ligatured  vessel ;  eventually  the  clot  Incomes  entirely 
replaced  by  fibrous  tissue,  reducing  the  aflcetod  portion  of  the  vessel 
to  a  mere  cord.  In  venous  thrombosis  the  vessels  and  channels  in  the 
thrombus  may  communicate  with  the  lumen  of  the  vessel  on  lioth  sides. 
In  this  way,  by  another  form  of  canalization  (j>.  216),  the  circulation 
may  become  more  or  less  completely  re-established.     This  is  csj>ecially 


218 


LOCAL  DISTURBANCES  OF  THE  CIRCULATION. 


frequent  at  the  junction  of  the  common  iliac  veins  in  cases  of  white  leg 
(phlegmasia  dolens).     It    is   rare  in  arteries.     Complete  organization 
depends  to  a  large   extent   upon  the 
Fib.  118.  uutrition  of  the  affected  vessels,  the 

maintenance  of  asepsis,  and  the  gen- 
eral health  of  the  patient. 

Results. — The  results  of  thrombo- 
sis comprise  certain  changes  in  the  walls 
of  the  vessels,  more  or  less  obstruc- 
tion to  the  circulation,  and  embolism. 
These  must  be  considered  separately. 

1.  Changes  in  the  Vessels. — Change? 
in  the  wall  of  the  vessel  are  an  inva- 
riable consequence  of  the  formation 
of  a  thrombus.  The  changes  which 
occur  in  the  organization  of  a  thrombus 
are  really  changes  in  the  vessel-wall 
(p.  21 7) ;  and  when  the  thrombus  un- 
dergoes a  process  of  infective  softening, 
acute  inflammation  takes  place  in  the 
vessel-wall  (p.  216).  In  many  cases, 
however,  the  inflammation  precedes  as 
well  as  follows  the  thrombosis,  and  must 
be  regarded  as  its  immediate  cause. 

2.  Obstruction  to  the  Circulation. — 
vauTMorum.   xw.  (O. Weber.)           The  consequences  of  the  obstruction 

to  the  circulation,  resulting  from  the 
formation  of  a  thrombus,  will  depend  upon  the  rapidity  and  manner  of  its 
formation,  the  nature  and  size  of  the  vessel  obstructed,  the  situation  and 
number  of  the  collateral  branches  and  the  force  of  the  circulating  current 
The  rapidity  with  which  the  obstruction  is  effected  is  of  considerable 
importance,  inasmuch  as  the  mure  gradual  the  process  the  longer  is  the 
time  allowed  for  the  establishment  of  a  collateral  circulation.  For  this 
reason  the  interference  with  the  circulation  caused  by  thrombosis  is,  for 
the  most  part,  less  marked  than  that  which  results  from  the  more 
sudden  obstruction  caused  by  embolism. 

The  obstruction  to  the  circulation  may  lead,  in  the  case  of  an  artery, 
to  (1)  necrosis  of  the  tissues  supplied  by  it  (p.  3ii),  with  or  without 
infarction  (p.  223),  and  in  the  case  of  a  vein,  to  (2)  dropsy  (p.  204). 
Necrosis  is  csi>eciall_v  likely  to  result  from  obstruction  in  the  cerebral 
vessels,  as  the  nutrition  of  highly  specialized  tissues,  like  the  brain, 
suffers  directly  their  blood-supply  is  interfered  with.  Infarction  is  a 
more  frequent  sequence  of  embolism  than  of  thrombosis,  and  will  be 
considered  in  the  next  section. 

In  the  vein*,  when  thrombosis  occurs  in  a  vessel  of  small  size  and 
when  collateral  branches  are  numerous,  as  in  the  prostatic  or  uterine 
plexuses,  the  circulation  is  but  little  interfered  with,  and  no  symptoms 
of  obstruction  result.     If,  however,  the  main  trunk  of  a  large  vein,  as 


Longitudinal  section  of  the  ligatured  end 
of  (he  crural  artery  of  a  dog— fifty  days 
after  the  application  of  the  ligature. 
Showing  the  newly  formed  vessels  In 
the  thrombus  and  their  communication 
with  the  vaaa  vasornin.    TA.lliromljus; 


EMBOLISM.  219 

the  iliofemoral,  becomes  obliterated,  the  obstruction  is  followed  by 
passive  hyperemia  and  dropsy,  the  extent  and  duration  of  which  will 
depend  upon  the  facility  with  which  the  circulation  can  be  restored  by 
the  collateral  vessels.  It  must  be  remembered,  however,  that  the 
valves  in  veins  when  they  exist  may,  by  preventing  back-flow,  offer 
a  great  impediment  to  collateral  circulation.  Thrombosis  in  the  ilio- 
femoral vein  frequently  occurs,  as  already  stated,  in  the  later  stages  of 
many  chronic  debilitating  diseases,  especially  in  phthisis  and  in  enteric 
fever;  also  in  the  puerperal  state,  where  it  is  frequently  found  in 
phlegmasia  dolens.  The  extent  of  the  thrombus,  the  number  of  collateral 
branches  which  it  blocks,  and  the  strength  of  the  circulation,  will  do 
much  to  account  for  the  amount  of  oedema. 

The  results  of  obstruction  in  arteries  are  considered  elsewhere  (p.  222). 

3.  Embolism. — Portions  of  the  thrombus  may  be  carried  *away  by 
the  circulation,  thus  constituting  embolism.  This,  which  is  the  most 
important  result  of  thrombosis,  will  be  considered  in  the  following 
section. 

EMBOLISM. 

Embolism  is  the  impaction  of  solid  substances,  circulating  in  the 
blood,  in  vessels  which  are  too  small  to  allow  them  to  pass.  A  mass 
thus  arrested  is  termed  an  embolus.1 

The  most  frequent  sources  of  emboli  are  (1)  venous  thrombi,  portions  of 
which  are  carried  by  the  blood-stream  from  the  seat  of  their  formation. 
The  other  sources  are :  (2)  fragments,  especially  of  thrombi,  detached 
from  the  walls  or  inflamed  valves  of  the  heart  (see  Endocarditis),  or  less 
frequently  from  the  inner  surface  of  arteries ;  (3)  portions  of  new- 
growths — as  sarcomata — which,  having  perforated  the  vessels,  have 
been  carried  away  by  the  current ;  (4)  parasites  which  have  made 
their  way  into  the  interior  of  vessels  ;  and  (5)  pigment-granules.  (6) 
Fluid  fat  which  lias  escaped  from  the  fat-cells  and  entered  open  lym- 
phatics— an  occasional  occurrence  in  fractures  and  contusions — may  per- 
haps produce  embolism,  but  the  possibility  of  this  occurrence  is  doubtful. 

A  thrombus  may  produce  emboli  in  various  ways.  (1)  It  may 
soften  and  break  down,  and  its  fragments  be  distributed  by  the  blood- 
current.  (2)  Portions  of  a  parietal  thrombus,  not  Ailing  the  vessel, 
may  be  detached  by  the  passing  stream.  (3)  The  most  fretfueiit  icay  is 
that  illustrated  by  the  accompanying  diagram.  A  thrombus  usually 
ceases  at  the  junction  of  the  vessel  containing  it  with  the  first  large 
collateral  branch.  The  end  of  the  thrombus — in  arteries  as  well  as  in 
veins — nearest  to  the  heart  often  extends  as  a  firm  conical  projection  into 
the  lumen  of  this  collateral  branch  (Fig.  119);  and  the  strength  of  the 
blood-current,  which  is  the  chief  factor  in  preventing  the  further  exten- 
sion of  the  clot  toward  the  heart,  may  break  off  this  projecting  end  and 
sweep  it  into  the  general  circulation.  Some  sudden  movement  or  exer- 
tion often  determines,  in  these  cases,  the  sejwiration  of  the  fragment  which 
is  to  form  the  embolus.     Thrombi  in  the  veins  of  the  lower  extremities, 

1  kfiftoXof,  a  plug. 
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Fig.  119. 


in  the  uterine  veins,  and  in  the  jugular  veins  are  the  most  frequent 

sources  of  this  accident 

Emboli  become  arrested  in  the  first  vessels  which  are  too  small 

to  allow  them  to  pass.     Usually,  therefore,  the  seat  of  impaction  will 

be  at  the  bifurcation  of  a  vessel,  or  at  some 
point  where,  from  the  giving  off  of  large 
branches,  the  calibre  diminishes  suddenly  (Fig. 
120).  The  particles  may  be  so  small  as  to  pass 
through  even  the  finest  capillaries,  and  not  give 
rise  to  any  symptoms ;  or  they  may  pass  through 
large  capillaries,  like  the  pulmonary,  to  be 
arrested  in  a  finer  set  beyond ;  but,  as  a  rule, 
they  are  impacted  either  in  the  first  set  of 
capillaries  to  which  they  come,  or  in  some  larger 
vessel  between  these  and  their  seat  of  origin. 
Thus  emboli  originating  in  the  systemic  veins, 
in  the  right  cardiac  cavities  or  in  the  pulmo- 
nary artery,  will  most  commonly  become  ar- 
rested in  the  vessels  of  the  lungs.  Emboli 
originating  in  the  pulmonary  veins,  in  the  left 
cardiac  cavities,  or  in  the  arteries,  will  be  simi- 
larly impacted  in  the  systemic  arteries  and 
capillaries,  especially  in  those  of  the  spleen, 
where  the  circulation  is  slow ;  and  of  the  brain 
and  kidney,  where  the  capillaries  are  very  small. 
Finally,  emboli  originating  in  any  of  the  organs 
supplying  the  portal  venous  system  will  block 
branches  of  the  portal  vein  in  the  liver.  With 
the  exception,  therefore,  of  emboli  originating 
in  the  portal  system,  the  seat  of  arrest  is  usually 
the  arteries  or  capillaries. 

Emboli  are  carried  usually  in  the  direction 
of  the  main  current;  hence  those  carried  by 
the  aortic  stream  pass  into  the  thoracic  aorta 
more  commonly  than  into  the  carotid  or  sub- 
clavian vessels,  and  into  the  left  carotid  or  left 
renal  artery  more  often  than  into  the  correspond- 
ing artery  of  the  opposite  side.  Gravitation  also 
influences  the  direction  in  which  they  are  carried, 
especially  those  of  large  size,  which  move  some- 
what more  slowly  than  the  blood-stream  ;  hence, 

they  are  more  common  in  the  lower  lobes  and  posterior  parts  of  the 

lungs  than  in  the  superior  and  anterior  jwrtions  of  these  organs  (p. 

227).     It  is  found  experimentally  that  small  bodies  injected  at  intervals 

into  the  jugular  vein  are  often  swept  into  the  same  division  of  the 

pulmonary  artery. 

It  is  not  uncommon  to  find  that  the  small  vessels  of  an  area,  of 

which  the  supplying  artery  is  plugged,  also  contain  emboli.     This  may 

be  accounted  for  in  two  ways.     First,  if,  as  is  frequently  the  oaae,  die 


Diagram  to  show  phenomena 
of  venous  thrombosis,  v,  i', 
valves  of  veins :  a,  b,  pri- 
mary thrombus  (white); 
*•  dt  e,f,  g.  secondary  white 
thrombi  connected  with 
primary  white  thrombus 
by  various  red  thrombi ;  h, 
piece  of  white  thrombus 
becoming  detached  by 
blood  current.  (Modified 
from  Thoma.) 
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Fig.  120. 


arrest  takes  place  at  a  point  of  bifurcation,  the  embolus  may  not  be 
large  enough  to  block  either  branch,  but  may  allow  a  small  stream  of 
blood  to  pass  into  each  vessel ;  this  may  break  off  portions  of  the 
original  embolus,  and  so  produce  secondary  emboli, 
which  become  impacted  in  the  smaller  divisions 
of  the  same  main  trunks.  The  second  mode  is 
by  the  detachment  of  several  small  fragments  from 
some  distant  source,  which  subsequently  yields  a 
mass  large  enough  to  block  the  main  trunk. 

The  amount  of  obstruction  which  immediately 
follows  the  arrest  will  depend  upon  the  nature  of  the 
embolus  as  well  as  upon  its  size  and  shape.  If  the 
embolus  be  from  a  soft,  recently  formed  thrombus,  it 
will  be  at  once  moulded  to  the  cavity  of  the  vessel, 
which  will  thus  be  immediately  and  completely 
plugged.  If,  on  the  other  hand,  it  is  irregular  in 
shape  and  firm  in  consistence,  as  when  derived  from 
a  calcified  cardiac  vegetation,  it  may  not  completely 
fill  the  vessel,  but  allow  a  small  current  of  blood  to 
pass. 

The  arrest  of  the  embolus,  and  the  consequent 
obstruction  to  the  circulation,  is  followed  by  the  for- 
mation of  thrombi  (secondary),  behind  and  in  front  of 
it,  which  extend  as  far  as  the  junction  of  the  first 
large  collateral  vessels  (Fig.  120).  If  the  embolus 
does  not  completely  fill  the  vessel,  successive  layers 
of  thrombus  are  deposited  upon  its  surface  until  the  occlusion  of  the 
vessel  is  complete,  and  then  the  secondary  thrombus  extends,  as  in 
the  former  case,  until  it  meets  with  a  current  of  blood  strong  enough 
to  arrest  its  progress.  If  the  embolus  is  a  portion  of  a  red  thrombus, 
it  will  in  most  cases  be  impossible  to  distinguish  it  from  the  secondary 
thrombus  which  surrounds  it.  If,  however,  it  is  a  calcareous  mass,  or 
a  portion  of  a  white  thrombus,  it  may  usually  be  distinguished  from  the 
more  recent  secondary  coagulum. 

Fragments  of  a  damaged  liver  have,  in  rare  cases,  been  carried  from 
the  right  auricle  through  a  |>atent  foramen  ovale,  and  thus  lodged  in 
the  kidney  or  the  brain  without  passing  through  the  lungs.  To  this 
phenomenon  the  name  of  jxirculoxical  or  crottsed  eml)olism  has  been 
applied.  In  other  equally  rare  instances,  portions  of  venous  thrombi 
or  of  new-growths  projecting  into  the  interior  of  the  veins  seem  to  have 
made  their  way  up-stream  towards  the  capillaries.  This  procedure  is- 
possibly  due  to  some  intermittent  and  local  reflux  of  blood.  The  con- 
dition is  known  as  retror/rade  embolism. 

Emboli,  derived  from  thrombi,  may  undergo  the  same  secondary 
changes  as  the  latter  (p.  214). 

Effects. — The  result**  of  eml>olism  may  l>e  divided  into  (1)  those 
depending  upon  obstruction  to  the  circulation,  and  (2)  those  due  to  the 
composition  of  the  emboli. 


Embolus  impacted  at 
the  bifurcation  of 
a  branch  of  the 
pulmonary  artery. 
Showing  the  for- 
mation of  thrombi 
behind  and  in  front 
of  it,  and  the  ex- 
tension of  these  as 
far  as  the  entrance 
of  the  next  collat- 
eral vessels.  £,  em- 
bolus; t,  f,  secon- 
dary thrombi.  (Vir- 
chow.) 
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I.  Effects  due  to  Obstruction  to  the  Circulation. — Sudden  and  complete 
arterial  obstruction  may  produce  (1)  no  noticeable  effects  beyond  cer- 
tain cbanges  in  the  vessels,  such  as  are  necessary  for  the  restoration  of 
the  circulation  under  the  altered  conditions ;  (2)  slight  damage  to  the 
tissue-elements,  in  some  cases  only  noticeable  from  the  consequent 
functional  defects ;  or  (3)  necrosis  of  the  whole  area  supplied  by  the  ob- 
structed vessel.  These  effects  again  depend  upon  (1)  the  extent  of  the 
arterial  anastomoses,  (2)  the  readiness  with  which  these  can  be  utilized, 
and  (3)  the  dependence  of  the  affected  part  on  its  blood-supply. 

(1)  Extent  of  Arterial  Anavtomottex. — When  the  arterial  anastomoses 
are  free  and  the  vessels  concerned  are  healthy,  the  sudden  and  complete 
obstruction  of  an  artery,  such  as  the  radial,  is  followed  by  contraction 
of  the  central  end  of  the  obstructed  artery — from  the  site  of  the  block 
to  the  nearest  collateral  branch — and  by  dilatation  of  the  arteries  in  the 
area  supplied  by  the  blocked  vessel,  as  well  as  of  those  through  which 
blood  can  be  conveyed  to  them.  The  dilatation  of  the  latter  vessels 
follows,  and  possibly  depends  upon,  increased  velocity  of  the  blood- 
stream (Thoma) ;  and  both  changes  are  probably  due  to  the  lowered 
resistance  in  the  anastomosing  vessels,  and  not  to  increased  pressure 
from  behind,  as  is  shown  by  the  contraction  of  the  upper  part  of  the 
obstructed  vessel  already  alluded  to,  and  by  the  limitation  of  the 
increased  blood-flow  to  those  arteries  which  actually  supply  the  anasto- 
mosing vessels. 

Infarction. — In  some  organs,  such  as  the  spleen  and  kidney,  the 
arteries  have  capillary,  but  no  arterial,  anastomoses  with  the  neighbor- 


IL*^ 


ing  vessels.  Such  arteries  are  called  end  or  terminal  arteries.  Each 
of  these  arteries  supplies  a  conical  compartment  of  the  organ  in  ques- 
tion. The  base  of  the  cone  is  on  the  surface  of  the  organ,  while  it* 
apex  points  toward  the  centre,  and  corresponds  to  the  point  of  entrance 
and  exit  of  the  artery  and  vein  respectively.  The  possible  means  of 
access  which  the  blood  has  to  such  a  portion  of  tissue  are,  the  main 
artery  and  vein  just  mentioned,  the  small  vessels  passing  from  the  cap- 
sule into  the  cortical  part  of  the  organ,  and  the  capillary  anastomoses 
with  the  neighboring  vessels  on  each  side. 

If  the  main  artery  supplying  one  of  these  conical  segments  of  tissue 
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becomes  blocked,  necrosis  and  degenerative  changes  will  occur  in  it; 
for  the  capsular  vessels  and  the  lateral  anastomoses  together  are  unable 
in  maintain  the  nutrition  of  the  part.  If  the  tissue  thus  deprive/! 
of  blood  be  freely  supplied  with  coiigulnble  lymph  it  will  undergo 
cwgulat  ion-necrosis  and  form  a  pale,  solid,  clearly  defined  cone,  known 
ss a  white  infarct  (Fig.  121).  In  some  organs  and  under  some  circum- 
stances the  necrosed  area  will  gradually  become  infiltrated  with  red 
opoadea,  and  a  blackish-red  cone  with  a  slightly  raised  base  will  be 
formed.  This  is  known  as  a  red  infarct  (Fig,  123).  Recent  infarcts 
"f  both  kinds  are  surrounded  by  a  hyperjemic  /one  (Fig.  121).  fid 
mfarth  are  common  in  the  lungs  and  intestine  and  white,  infarcts  iu  the 
md  retina.  Infarcts  in  the  spleen  and  in  the  muscular  walls 
tffkt  heart  may  l>e  white  or  red.  When  no  eoagulable  lymph  is 
pment,  as  in  the  brain,  necrosis  occurs  without  infarction. 

Later  Change*  in  Infarction. — In  the  ease  of  a  small  red  infarct, 
rmlmlim  in  free  from  virulent  ortjnniitmx,  the  coagulated  blood  grad- 
i  color,  becoming  brown  or  yellow,  and  absorption  proceeds 
u  the  case  of  a  similar  small  white  infarct,  the  tissue-changes 
dearly  m-^\t  than  in  the  red  infarct,  where  they  are  obscured 
lj  fa  I'xtravasated  blood.  In  the  white  infarct,  lymph  reaches  the 
|wt  by  transudation  from  parts  around,  the  cells  swell,  lose  their 
"iu'ln,  and  blend — in  fact,  undergo  coagulation-necrosis  (p.  3G) :  thus 
tlit'  Veil-known  white  wedges  are  formed.  The  more  externa!  portions 
"l  this  man  of  coagulated  blood  and  necrosed  tissue  become  infiltrated 
*itb  multinucleated  leucocytes,  and  a  pink  layer  of  granulation-tissue 
w  gradually  formed  around  the  mass.  The  granulation-tissue  is  siib- 
'etpicntly  replaced  by  fibrous  tissue:  this  contracts,  and  ultimately 
I  BeprcoDod  scar  may  be  all  that  remains  to  indicate  the  change.  The 
"nrr.il  parol  of  a  large  infarct  may  soften,  but  the  general  changes  and 
ultimate  results  are  the  same. 

If  pyogenic  cocci  are  present  in  considerable  numbers  suppuration 
*ill  fallow,  and   the   infarct   become  converted   into  an   abscess   (sec 

(2)  The  effects  of  arterial  obstruction  trill  also  depend  upon  the  rentli- 
'"rx*  irith  trhirh  tit-  f.rixtin;/  aiftxlmnoses  run  lie  utilized.  Bier  maintains 
1 ' ■ : > r  rlii-ro  is  :i  marked  physiological  difference  lietween  the  limbs  and  the 
;  i^'cra  in  this  respect — the  existing  anastomoses  being  readily  available 
"'  me  limbs,  but  not  in  the  viscera.  In  some  instances,  however,  the 
"K'lni'ii'ncy  of  existing  anastomoses  is  callable  of  a  mechanical  cxplana- 
'■'"'l.  Spasm  of  the  intestine  interferes  with  the  circulation  in  its  walls 
1  *I:ilIj,  and  spasm  of  the  intestine  is  one  of  the  earliest  results  of  em- 
'"•li-ni  of  the  superior  mesenteric  artery.  The  spasm  is,  therefore, 
;i  nffident  reason  for  the  failure  of  the  anastomoses  to  preserve  the 
"niritimi  of  the  intestine,  which  generally  undergoes  gangrene  when 
1   branch,  supplying  more  than   two  inches  of  its  length,  is  blocked. 

Calcification  or  other  disease  of  the  anastomosing  vessels,  or  of  the 
Uteriea  >tipplying  them,  by  preventing  dilatation  may  interfere  with 
DM  rH-ti.raiinii  of  the  circulation  in  the  affected  |iart,  and  thus  lead  to 
PWftllllW 
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(3)  Hie  organs  in  the  body  vary  much  in  the  extent  to  trhich  they 
depend  upon  the  regularity  of  their  blood-mipply.  Among  those  which 
are  most  susceptible  to  defects  in  the  circulation  are  the  cells  of  the 
central  nervous  system,  intestine  and  kidney.  Obstruction  of  a 
common  carotid  artery  may  be  followed  by  partial  hemiplegia  and,  if 
it  is  maintained,  by  cerebral  necrosis,  although  no  other  artery  supply- 
ing the  circle  of  Willis  is  blocked.  The  ganglion-cells  of  both  brain 
and  spinal  cord  die  if  deprived  for  half  an  hour  of  their  blood-supply. 
Temporary  blocking  of  the  renal  artery  in  a  rabbit  for  two  hours  is 
followed  by  necrosis  of  many  of  the  epithelial  cells  (Littcn).  The  tissues 
of  the  skin  and  periosteum  are  probably  the  least  susceptible  of  all. 

Cessation  of  function  soon  follows  cessation  of  nutrition.  The 
effects  of  this  may  be  extremely  serious ;  thus,  plugging  of  one  of  the 
larger  cerebral  arteries  is  generally  followed  by  sudden  loss  of  con- 
sciousness and  paralysis  ;  plugging  of  the  pulmonary  artery,  by  sudden 
asphyxia ;  and  plugging  of  one  of  the  coronary  arteries,  by  sudden 
paralysis  of  the  heart. 

Pathology  of  Red  Infarction. — Very  different  explanations  have  been 
offered  of  the  exact  source  of  the  blood  in  a  red  infarct. 

Cohnheim  thought  that  when  emboli  blocked  terminal  arteries, 
hemorrhagic  infarction  was  the  almost  invariable  result.  In  his 
opinion,  and  according  to  his  results,  blocking  of  the  artery  was  at 
once  followed  by  regurgitation  of  blood  from  the  principal  veins  into 
the  capillaries,  which  thus  became  engorged.  Red  coqniscles  then 
made  their  way  through  the  capillary  walls  into  the  surrounding 
tissues,  the  permeability  of  the  capillaries  having  l>cen  increased  by 
deprivation  of  arterial  blood.  This  view  at  the  present  time  finds 
but  few  supporters.  Other  observers,  repeating  Cohnbeim's  experi- 
ments, failed  to  see  the  regurgitation  which  he  described ;  while  it 
has  been  conclusively  shown  (1)  tliat,  if  both  artery  and  vein  are 
simultaneously  blocked,  the  subsequent  hemorrhage  will  be  still  more 
marked ;  and  (2)  that  if,  in  addition  to  the  main  artery,  every  other 
source  of  blood-supply  except  tliat  through  the  principal  vein  be  closed, 
necrosis  without  any  hemorrhage  will  result ;  or,  in  other  words,  tliat 
red  infarction  will  not  occur.  Nor  does  increase  in  the  permeability 
of  the  vessel-walls  appear  to  l>e  an  important  factor,  for  though,  as 
Cohnheim  pointed  out,  deprivation  of  the  blood-supply  for  many  hours 
will  cause  increased  |xkrnicability  of  the  capillar}-  walls,  yet  hemorrhagic 
infarction  can  take  place  long  l>eforc  any  such  change  in  the  veasel- 
wall  has  been  produced. 

In  all  probability  the  diapedesis  of  the  red  corpuscles  depends  on 
marked  slowing  of  the  arterial  current,  by  which  all  distinction  between 
the  axial  and  j>eri-axial  streams  (p.  210)  is  lost,  combined  with  marked 
increase  in  the  capillary  and  venous  pressure.  The  red  corpuscles  are 
thus  brought  into  contact  with  the  capillary  walls,  and  jxwsibly  pass, 
along  with  the  lymph,  between  the  endothelial  cells  (Welch).  The 
natural  j>ernieability  of  the  capillaries,  which  is  known  to  be  different 
in  different  parts  of  the  body,  may  not  improbably  be  a  factor  in  the 
process. 
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Xtlttea  showed  that  red  infarction  of  the  kidney  usually  depends 
nn  tW  integrity  of  (lie  capsular  arteries,  and  that  it  does  not  occur  if 
iliesse  are  separated  from  the  kidney  before  the  main  artery  is  blocked, 
'[lie  results  rf  Mull  and  Welch,  however,  furnish  the  most  convincing 
nmofr.  These  observers  ligatured  all  the  vascular  communications 
Df  the  intestine,  with  the  exception  of  the  main  artery  and  vein,  and 
fen  titil  the  bowel  above  and  below  so  that  the  included  portion  was 
wpplied  by  the  main  artery,  and  the  blood  returned  by  the  main  vein. 
Under  these  eircu instances  no  infarction  resulted.  They  then  gradually 
mUtated  the  main  artery,  and  found  that  when  it  was  sufficiently 
compressed  to  stop  the  lateral  pulsations  in  its  branches,  or,  in  other 
words,  to  reduce  the  pressure  in  them  tu  about  one-fifth  of  the  normal, 
hemorrhagic  infarction  appeared.  The  same  observers  in  other  experi- 
ment* found  that  the  same  reduction  of  arterial  pressure  generally 
Stoned  when  infarction  was  in  progress.  Why  some  infarctions  are 
A^ind  Others  white,  seems  therefore  to  depend,  as  has  been  suggested, 
"ii  total  .inferences  in  the  blood-pressure.  If  the  arterial  pressure 
fen  BOt  fall  below  Beventy-five  per  cent,  no  infarction  occurs,  if  it  falls 
I'nmi  between  seventy-five  to  eighty  per  cent,  red  infarction  results, 
*wl  if  it  falls  to  zero,  white  infarction  follows.  Daniel  finds  that  red 
infun ts  arc  usually  associated  with  infective  embolism,  white  infarcts 
*itli  impaction  of  aseptic  material. 

Tin  -c  observations  will  also  explain  why,  in  the  large  majority  of 
o«s,  no  infarction  occurs  when  a  truly  terminal  artery  is  blocked  ; 
Mb!  why  an  infarct  in  the  spleen  may  follow  thronilwisis  in  the  splenic 
Nav  without  any  obstruction  in  the  artery. 

0.  Effects  due  to  Composition  of  the  Embolus. — A  simple  einbofiw, 
well  as  a  piece  of  non-infective  fibrin  or  a  fragment  of  a  calcareous 
{Kb,  with  ir>  secondary  thrombi,  will  usually  lie  absorbed  or  lead  to 
pi"l iterative  arteritis  and  organization  (p.  210').  An  inj'irtive  embolux, 
■atfa,  one  containing  micro-organisms  and  derived  from  an  infective 
wire*,  may  in  some  instances  only  produce  results  similar  to  those 
Wised  by  a  non-infective  embolus.  Infective  emboli  of  somewhat 
Mtu  virulence  may  lead  to  a  more  acute  form  of  arteritis  in  which 
We  intima  and  internal  elastic  lamina  are  destroyed  and  the  media 
weakened — an  aneurism  not  infrequently  resulting.  This  is  indeed 
now  held  to  be  the  pathology  of  most  aneurisms  occurring  in  people 
'""young  tu  be  si i tiering  from  atheroma  or  acquired  syphilis;  and,  as 
we  emboli  are  usually  small  or  of  moderate  size,  aneurisms  from 
^"Ui-iu  affect  especially  the  cerebral  arteries  and  the  smaller  arteries 
"'  'liv  limbs,  from  the  size  of  the  brachial  downward. 

Virulently  infective  emboli  give  rise  in  most  cases  to  suppuration 
»  addition  to  the  other  results  of  embolism  already  described  (see 
fyiemia). 

Capillary  Emboli. 

It    has   been   stated  that  fat,  masses  of  organisms,  clumps  of  white 
orpnsoks,   pigment-granules,  and   bubbles  of  air,  may  all  give 

to  embolism  of  capillary  vessels. 


LOCAL  DISTURBANCES  OF  Till:  CIRCULATION. 


i 


Fat    Embolism.— In    fractures,  contusions  of    Mlbeot 
ruptures  of  fatty  liver,  acute  osteomyelitis,  and  other  morbid  i 
hi  which  fat-cells  are  broken  up  and  the  fat  set  free,  the  droplet*,  i 


Fal-emlmHun  nf  lung.    Frrnn  bud  win |>mjiid  fracture  of  leg  ninlirvi-rn  mi 

Tin-  bUrk  santtet  ire  drop*  .if  fat,  stained  with  mm  ic  acid,  lying  111  capillar  It*  and  u 
■if  alvrouM  walla,    i*0.    ■  Hnyd.i 

ibflorbad  by  the  lymphatics  and  veins,  especially  when  prataon  in  i 
part  is  increased  by  inflammatory  effusion  or  hemorrhage     <  hi 
the  right  side  of  the  heart  they  an'  curried  into  the  pulmonary  . 
and  capillaries,  where  their  presence  may  easily  Ik*  denoMlntd  by 
staining  with  osniic  acid  (Fiji.  122).     One  by  one  tics.'  sofl  and  Mb 
mouUled  plugs  are  swept  on  to  the  left  side  of  the  heart,  and  distribute**1 
by  the  systemic  circulation  to  other  orpins,  in  which  also  they  mar  b* 
very  numerous.      For  a  time  fresh  glolmli -  are  constantly  imhllg  th*" 
lungs,  bat  when  this  ceases  the  fat-musses  are  passed  on  t* >  oilier  orpffl* 
and  eliminated,  in  [iart  at  least,  through  the  kidneys,     fit  tin  I 
believed  by  some  to  be  the  cause  of  death  after  simple  Bractuia — avrry 
rare  event.      Hut  as  large  tpiantities  of  tat    may  lie  introduced   into  the 
vessels  of  the   lungs  of  animals   without  causing  any  symptOi 
ever,  some  scepticism  is  justifiable.     If  a  sutlicieuth  large  numb**' 
the  capillaries  of  the  lung,  or  any  other  organ,  !«■  blocked  bj 
function   will,  of  eonrse,  l»e  interfered  with ;  and  in   the  cm 
organs  this  would  mean  speedy  death.     It   i>  probable  that  the  lime 
always  contain,   proportionately,   many   more  emboli   than  any  orpin 
supplied  by  the  systemic  circulation.     It  has  been  ascertained  that  laif 
the  pulmonary  blood- path  may  lie  obstructed  without  the  general  cirr»- 
latktn   being  thereby  disturbed  (Ojhnbeim),      It   is  therefore  supjW" 
that,  as  a  rule,  the  passage  of  fat  on  to  the  systemic  circulation  bona 
the  number  of  plugged  capillaries  below  the  point  of  danger. 
be  borne  in  mind  that  fat  is  practically  tluid  at  the  temperature  of  th* 
body,  ao  that  it  is  doubtful  whether  embolism   can   result  except  frX* 
displacement  of  whole  groups  of  fat-cells.      In  acute  ostcomyi 
probable  that  the  fat-drojis  may  serve  as  carriers  of  pi 
from  the  seat  of  inflammation  and  cause  the  impaction  of  tMM  i 
isms  in  vessel-  which  they  would  otherwise  pans  through  fraelj 
Air  entering  the  veins  has  been  stated  to  give  rise  to  emboutfl  ; 


INFARCTION  OF  THE  LUNG.  227 

as  air  is  Dot  a  solid  substance,  but  is  capable  of  passing  through  the 
vessels,  it  is  doubtful  whether  such  an  occurrence  is  possible.  The  most 
probable  explanation  of  death  after  the  entrance  of  air  into  veins  is 
that  the  right  ventricle  becomes  filled  with  a  mixture  of  air  and  blood, 
which  is  churned  into  a  foam  :  this  the  heart  is  unable  to  force  through 
the  pulmonary  vessels.  Death  is  due  to  failure  of  the  right  side  of  the 
heart. 

Clumps  of  leucocytes,  and  possibly  of  bacteria,  may  form  emboli, 
giving  rise  to  petechia;,  in  septic  fevers.  Pigment-granules,  probably 
parasitic  in  origin,  have  caused  capillary  embolism  in  malaria  (p.  249). 

Infarction  of  the  Long — Pulmonary  Apoplexy. 

The  so-called  infarcts  of  the  lung  are  most  commonly  met  with  in 
cases  of  mitral  stenosis,  and  to  a  less  extent  in  those  of  mitral  regur- 
gitation. They  are  found  in  the  lower  lobes  and  in  the  lower  and 
outer  parts  of  the  upper  lobes.  In  most  cases  they  are  irregularly 
conical,  but  occasionally  nearly  globular  (Fig.  123).     In  diameter  they 


varv  from  that  of  an  entire  lol>e  to  a  fraction  of  an  inch.  Blackish 
red)  firm,  dry,  with  well-defined  margin,  often  multiple  and  occasion- 
ally confluent,  they  present  superficial  resemblances  to  tumors  on  the 
one  hand  and  to  lobar  pneumonia  on  the  other.  From  the  former  they 
are  distinguished  by  their  color,  shape,  position,  and  the  conditions 
under  which  they  occur;   from  the  latter,  by  their  numlier,  r-hajK', 
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<l  mI  <  i  Dolor,  and  better  defined  limits.     They  are  nut  inrrequi  d 
starting-jmiiits  nt*  a   hypostatic   pneumonia,  and  are  then    lees  i 
recognised.      In  such  eases  tin.'  adjacent  portion  of  the  visceral  yW-v  wn 
is  roughened  by  the  inflammatory  exudation  on  its  surface,  «i 
tin-  substance  of  the  organ,  the  masses  are  welded  together,  their  cole** 
mottled,  and  their  edges  obscured. 

Mode  of  Formation. — There  can  In-  no  donht  but  that  these  mmeJ' 
consist  of  oxlravasated  blood  and  of  tissue  which  has  underpin  ^ 
coagulation-necrosis  ;  it,  in  oilier  words,  that  tbey  are  red  in  far.  t 
there  is.  considerable  difference  of  opinion  concerning  die  reason  o*"*^" 
their  appciir.nii'c  in  the  tusues.  They  are  variously  regarded  a*  iJimib' 
products  of  embolism,  thrombosis,  <>r  rupture  of  the  pnlnwimy  vcaeU 

lu  juror  <>/  embolism  of  one  or  more  branchea  of  the  pulnuainjnnF 
artery  may  l>e  urged  (1)  the  frequent  existence  of  a  thrombus  in  taa^K 
right  Hiiricie ;  (2)  the  occasional  discovery  of  an  embolus  in  the  laip* — « 
iiricry  antertng  the  infarct;  (■'{)  the  general  resemblance  which  rim  ■: 
nuiwcs  l>car  t"  infarcts  of  the  spleen  and  kidney  ;  and  (4)  the  ;■■  --iliihf^* 
nf  producing  them  experimentally.  Affahui  embolism  as  the  sole  au— 
are  (1)  the  not  infrequent  absence  in  these  caeea  of  thrombosh  and  I'fc.  I 
other  known  onuses  of  embolism  cither  in  the  -\ -tunic  feint  or  in  iW* 
right  Utricle  :  and  (2)  the  -till  more  frequent  failure  to  find  an  etnbnlonw 
in  any  bftDch  ^'  me  pulmonary  artery  itself. 

That  thrombosis  is  jit  least  an  occasional  cause  of  "  pulmonary  ip«» 
pl.w  "  is  inferred  from  |1]  the  existence,  in  a  few  of  the  caws,  **« 
nilicnuna  in  tin-  pulmonary  artery ;  (2)  the  presence  of  a  llm-nit**1* 
(without    am    sign    of    cmlwili-m)    in    llie    main    artery   supplying    *** 
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and  capillaries,  combined  in  most  cases  with  blocking  of  the  main  artery 
supplying  the  infarct. 

It  will  be  readily  understood  from  what  has  already  been  remarked 
(p.  224)  that  these  conditions  are  exactly  those  likely  to  produce  infarc- 
tion ;  it  is  therefore  reasonable  to  suppose  that  both  embolism  and  throm- 
bosis may  be  factors  in  its  causation,  and  that  it  may  in  some  cases  occur 
without  the  presence  of  either  of  these  conditions. 

Embolism  of  a  large  branch  of  the  pulmonary  artery  causes  rapid 
death  from  heart-failure  and  asphyxia :  experimental  embolism  of  a 
medium-sized  or  small  branch  generally  produces  no  marked  change, 
as  the  anastomoses  are  free  and  usually  sufficient.  In  disease,  however, 
the  lungs  have  in  most  cases  undergone  the  changes  described  under 
Passive  Congestion  (p.  212),  and  the  heart's  action  is  generally  feeble. 
It  is  therefore  natural  to  find  that  in  disease,  more  often  than  in  experi- 
ments, embolism  and  thrombosis  give  rise  to  infarction. 

Infarction  can  be  produced  in  the  lung  experimentally  by  many 
different  procedures.  Simple  plugging  of  a  small  branch  of  the  pul- 
monary artery  is  never  a  sufficient  cause  ;  but  Fujiami  found  that  infarc- 
tion occurred  if  a  main  artery  was  simultaneously  blocked. 

Cone-shaped  hemorrhages  into  the  lung-tissue  may  be  due  to  the 
rupture  of  over-distended  vessels.  Obstruction  of  a  small  bronchial 
tube  occurs  and  leads  to  collapse  of  the  corresponding  part  of  the  lung. 
The  external  pressure  on  the  walls  of  the  vessels  in  the  collapsed  area 
is  consequently  diminished,  and  this  condition  leads  to  the  over-disten- 
tion  of  the  vessels  and  occasionally  to  their  rupture. 


CHAPTER   VIII. 


Hy  the  term  "  fever  "  i.s  meant  on  abnormal  rise  iu  the  tcmperWure 
of  llie  body,  together  with  Other  changes  due  to  increased  eoniDUrtiu*1 
of  tlie  riffilim  mid  abnormal  exchange  in  material. 

Temperature  in  Health. — It  is  usually  stated  that  the  me 
tern j ie rat ure  of  the  IkxIv  is  98.4°  J*".     This  statement  if  anlj 
irnalely  correct]  for  the  temperature  varies  (1)  in  difl'erent  parts  id"  lb** 
body,  (2)  wiili  the  time  of  day,  and  (3)  according  to  the  age  of  tb^ 
patient.    The  variations  due  to  these  factors  an-  greater  in  ill-  i 
in  health.     (1)  The  normal  temperature  of  the  turface  of  tiie  huh  fc^ 
alwaji  lower  than  that  of  the  internal  porta.     Moreover,  it  is  !«*»■" 
in  proportion  as  we  pass  from  the  trunk    toward  the  periphery,  a*  «<£  * 
M  more  liable  to  variation  from  change  in  external  conditions.     In  th«^ 
mouth  it  is  about  98.3°  F. ;  in  the  axilla,  98,4°  F.  (36.9°  C.) :  nn*fiac» 
the   rtatum,  98.9°  F.  (37.2°  C).      It   is  essential,  therefore,  r. 
are  to  be  compared,  that  all  observations  In*  made  in   the  same  [/Amp-- 
Accurate  results  are  must  readily  obtained  in  the  rectum.    The 
I.--  liable  to  variations  in  temperature  than  the  mouth.     In  infant** 
the  temperature  may  be  conveniently  taken  in  the  fold  of  the  giuim- 
(2)  The  tune  of  the  observation   must   always  be  stated,  for  the  trta- 
perature  rises  during  the  day,  reaching  its  maximum   between  tivnml 
eight  o'clock  in  the  evening,  and  falls  during  the  night  to  its  minimum 
between  two  and  six  o'clock    in  the  morning.     (3)  The  avers 
Denture  of  an  infant  or  young  child  i-  slightly  higher  than  iliat  of  »u 
adult  :  in  the  aged  it  may  be  slightly  betov  the  average  in  tin-  wluli- 
The  full  range  between  all  these  extremes  is  from  97*   1  .  to  10 
though  the  average  range  is  rather  less  (1'7'J  F.  to  99. 2°   F.I. 

The   regulating  (therniotaetie)  mechanism  is  less  easily  disturbed** 
age  advances.     The  temperature  of  young  children  is  easily  raisedu^* 
■I  :  on  attack  of  crying   may  cause  a  distinct  rise.      In  old ift*u—* 
mi   the  other  hand,  when   the  exchange  of  material  is  small,  the  ttuai    • 
jierature  is  more  easily  depressed  than  raised.     For  this  reason  n  cligt* 
it  '    of  temperature  in   the  aged  is  of  much  graver  ugnifiaanes 
in  the  average  adult,  and   in   the  former  even  acute  form-  of  iaflai 
lion  may  Ik1  present  without   any  uecompanying  rise  of  tviiijiernMP^"*- 
The  effect  of  food  is  to  excite  metnWilism  in  the  large  mass  of  gUw-^* 
tissue  connected  with   the  alimentary  tract,  and  to  cause  a    -1; 
of  temperature :   the  taking  nf  food  may,  therefore,  quicken 
retard   a   fall.      The   effect   of  ordinary   exercise   is   to   produo 
severe  exercise,  such  as  prolonged  running,  may  cause  a  rise   >i 
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two  degrees  or  even  more.  Mental  exertion,  unless  accompanied  by 
excitement  and  muscular  activity,  has  little  effect  upon  the  temperature. 
The  greater  activity  of  the  tissues  and  the  combustion  of  the  ingesta 
are  the  most  obvious  reasons  for  the  higher  temperature  during  the  day. 
A  similar  daily  variation  is  observed  in  the  respiration  and  pulse,  in 
the  discharge  of  urea,  and  carbon  dioxide,  and  in  the  intake  of  oxygen. 
The  diurnal  variation,  however,  occurs  in  persons  confined  to  bed  and 
deprived  of  food,  so  that  the  explanation  may  lie  in  the  diminution 
of  tissue-activities  during  sleep.  In  those  people  who  are  in  active 
work  during  the  night,  and  are  asleep  during  the  day,  the  normal 
course  of  the  temperature  is  reversed. 

Symptoms  of  Fever. — Since  the  introduction  of  the  clinical  ther- 
mometer the  term  "  fever "  has  come  to  be  almost  synonymous  with 
that  of  "  rise  of  temperature."  This  latter  condition  is  certainly  the 
most  easily  ascertained,  the  most  readily  recorded,  and,  on  the  whole, 
the  most  reliable  symptom  of  fever.  The  course  of  the  temperature  in 
all  febrile  attacks  is  divisible  into  three  stages  :  (1)  the  onset,  or  period 
of  rise ;  (2)  the  acme,  fastigium,  or  stationary  period,  during  which  the 
temperature  is  more  or  less  at  its  height ;  and  (3)  the  fall,  decline,  or 
period  of  defervescence. 

The  onset  may  be  sudden,  the  temperature  rising  three  to  seven 
degrees  before  the  end  of  the  second  day  ;  or  it  may  be  gradual,  rising 
every  evening,  and  falling  slightly  every  morning,  until  the  full  height 
is  reached,  as  in  typhoid  fever.  The  sudden  onset  is  frequently  accom- 
panied by  an  inten.se  sensation  of  cold  and  a  violent  attack  of  shiver- 
ing, known  as  a  rigor.  The  arterioles  of  the  skin  are  contracted,  and 
though  the  internal  temperature  is  rising  rapidly,  the  skin  is  cooler  than 
normal,  and  the  ordinary  loss  of  heat  from  this  source  is  diminished. 
In  children  in  whom  the  controlling  power  of  the  nervous  system  is 
less  developed  than  in  later  life,  a  convulsion  often  takes  the  place  of 
the  rigor.  The  gradual  onset  may  be  marked  by  slight  chilliness,  but 
very  rarely  by  rigors. 

The  fastigium,  or  second  stage,  may  be  over  in  a  few  hours,  or  may 
last  for  weeks.  The  temperature  may  remain  at  a  fairly  constant  level, 
or  it  may  oscillate  several  degrees  each  day. 

The  final  stage  of  fever,  like  the  onset,  may  be  sudden  or  gradual. 
When  sudden,  it  is  said  to  end  by  crisis.  The  drop  is  often  accom- 
panied by  "  critical "  sweating,  or  diarrhoea ;  and  even  when  the  internal 
temperature  is  normal,  the  patient,  guided  by  the  sensations  usual  in 
sweating,  may  feel  uncomfortably  hot.  Sometimes  the  fall  is  so  rapid 
and  so  marked  that  the  patient  may  be  in  danger  of  dying,  and  may 
even  die,  of  collapse.  When  the  fall  is  gradual  it  is  said  to  end  by 
lysis.  This  is  analogous  to  the  corresponding  form  of  onset,  as  the 
temperature  falls  by  a  series  of  morning  drops,  broken  by  slight  rises 
in  the  evening.  The  special  types  of  fever  characteristic  of  some  dis- 
eases are  in  all  probability  dependent  on  peculiarities  connected  with 
the  growth  of  special  parasites  (see  Malaria).     When  fever  ends  in 
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death,  the  temperature  generally  rises  just  before  this  occurs,  and  a**7 
occasionally  go  on  rising  for  a  short  time  afterward. 

The  extent  of  the  rise  of  temperature  varies  greatly.     Abovi 
F.  the  fever  is  willed   fiypcrpyrrxia,  and  a  temperature  at  or  nh 
point,  enduring  lor  any  length  of  time,   is  usually   fraught  witb  J»* 
greatest  danger  to  lite.      In   such  cases  prompt  measures  arc  necwaf^ 
to  prevent  death. 

.So-called  paradoxical  temperatures  even   np  to  128°   P.  b 
recorded  as  occurring  in  hysterical    individuals  who  are  very  liablr  «.-• 
disturbances  of  body-temperature.     The  extraordinary  rise  in  ti-mprrav- 
ture  is  often  quite  local,  and  is  out  of  proportion  to  the  general  ■ytnf»- 
toms.      Such  cases  should  he  viewed  with  the  gr.ivi-t  suspicioii. 

Types  of  Fever. — A  febrile  temperature  almost  always  exhibit*  a» 

tendency  to   rhythmic  daily  variation    like   the   normal  temperature 

being  higher  in  the  evening  than  in  the  morning.  Sometime  U»« 
opposite  is  the  case,  and  the  temperature  ia  then  said  to  lie  of  tb* 
mverU'l  type.  When  the  daily  variation  does  not  amount  (■■  inuefa 
more  than  two  degrees,  the  fever  is  termed  continual.  When  the  varia- 
tion is  greater  than  this,  the  fever  is  remit/ml ;  of  this  typo  Aeshw  «w» 
which  accompanies  chronic  suppuration,  is  a  good  example.  \U  '» 
the  drop  between  two  maximum  points  reaches  or  fall*  below  nunnaJ 
— so  that  there  is  a  fever-free  period — the  fever  is  said  to  be  iafam**— 
tent  ;  of  this  variety  malaria  is  (he  type.  In  many  instances  the  waiissff 
of  the  temperature  U  quite  irregular. 

Effects  of  Fever. — High  temperature  is  generally  accompanied  by 
cloudy  swelling  of  the  tissues,  and,  if  prolonged,  by  fatty  degenera- 
tion ;  poisons  circulating  in  the  blood  have  very  likely  a  share  in  pro- 
ducing this  result  (p.  45). 

Apart  from  rigors  ami  chilliness,  which  are  usually  associated  «inS 
the  onset,  the  earliest  symptoms,  as  regards  the  nervous  system.  v«" 
headache,  incapacity  for  self-application,  general  slnggi-hn.s-  af 
km  of  self-control,  and  hypencsthesia  of  the  special  •■ 
is  frequent — at  first  at  night,  and  for  short  periods  only,  but  law 
more  marked  and  even  constant,  Vague  muscular  pains  an-  i 
in  early  stage-;  even  in  their  absence,  unwillingness  for  exertion  is* 
marked.  The  muscles  waste  rapidly  and  their  movements  Ixvim^ 
weak  and  tremulous.  The  nervous  system  baa  a  large  share  n  ad- 
ducing tremor  and  prostration,  and  i*  responsible  for  such  a  sympMfl 
as  constant  picking  at  the  bcdelothiT  {cnr/i/infr  »■/>/)  :  general  ■■■■!  mi!  ;  ■':■ 
as  already  mentioned,  may  occur  in  children.  In  fever  the  frequency 
of  the  heart-beats  is  increased.  This  result  can  be  obtained  exprfv 
mentally  by  the  application  of  heat.  Yet  the  rapidity  of  (he  poise 
bears  no  reliable  proportion  to  the  height  of  the  temperature.  It  is 
much  greater  in   some  diseases  than  in  others  ;   for  example,  in  scarla- 

»  than  in  typhoid.     The  heart,  among  other  muscles,  null 


ely  in  quality  and  power,  and  as  it  does  so  it*  beat  Itecomee  more  tr- 
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quent  and  less  effective.  Here  again  the  nervous  system  may  be  partly 
at  fault,  the  inhibitory  influence  of  the  vagus  being  impaired,  but  direct 
damage  to  the  cardiac  muscle  is  probably  the  most  important  cause. 
Similarly,  arterial  tone  is  progressively  lost.  The  result  of  the  pro- 
gressive failure  of  the  heart-force  and  arterial  tone  is  that  the  pulse, 
which  in  a  healthy  individual  at  the  commencement  of  a  long  fever  is 
quick,  full,  strong,  and  often  inclined  to  hardness  from  high  arterial 
tension,  becomes,  as  the  disease  progresses,  quicker,  softer,  and  fuller, 
though  no  further  rise  of  temperature  has  occurred.  The  softness  and 
fulness  of  the  pulse  are  due  to  loss  of  arterial  tone  while  the  heart-beat 
is  still  strong ;  the  softness  increases  as  the  arterial  tone  yields,  and 
actual  dicrotixm  of  the  pulse  may  result.  Later  on,  the  size  diminishes 
as  the  still  more  rapidly  beating  heart  fails  to  fill  the  vessels.  Ulti- 
mately the  pulse  is  very  small,  soft,  and  frequent,  or,  as  it  is  termed, 
thready.  Increasing  frequency  of  pulse  with  a  steady  or  falling  tem- 
perature is  often  regarded  as  the  sign  of  a  failing  heart ;  though  the 
"  quality  "  of  the  first  sound  really  affords  an  earlier  indication  of  its 
occurrence. 

Respiration  is  quickened.  This  change,  like  the  increased  fre- 
quency of  the  pulse,  is  possibly  due  in  some  measure  to  the  effect  of 
the  rapidly  heated  blood — in  this  case,  on  the  respiratory  centre,  as 
it  can  be  induced  experimentally  by  similar  means.  The  oxygen 
absorbed  and  the  carbon  dioxide  exhaled  are  increased  during  the 
initial  rise  in  temperature,  but  both  fall  to  their  normal  level  if  the 
fever  is  prolonged. 

Digestion  is  impaired,  for  the  secretions  from  the  glands  dis- 
charging into  the  alimentary  tract  are  diminished.  Appetite  is  lost 
(anorexia),  and  its  place  is  taken  by  thirst.  The  tongue  is  dry  and 
often  furred.  There  is  usually  constipation,  due  probably  to  sluggish- 
ness of  the  intestinal  muscle,  to  lack  of  secretion,  and  perhaps  to 
absence  of  some  of  the  normal  stimuli  to  contraction.  Excretion,  as 
tested  by  tlie  rapidity  with  which  certain  ingesta  appear  in  the  urine, 
is  said  to  be  slow  in  fever.  Although  the  amount  of  fluid  taken  is 
larger  than  in  health,  the  urine  is  small  in  quantity,  has  a  high  specific 
gravity,  yields  a  copious  precipitate  of  urates,  and  contains  an  excess 
of  urea,  uric  acid,  potassium  salts,  and  pigment  {pathological  urobilin). 
The  chlorides  are  diminished  ;  a  trace  of  albumin  is  often  present,  and 
occasionally  hyaline  casts.  The  amount  of  acetone  is  increased  ;  and 
diacetic  acid  and  other  organic  acids  may  appear  in  some  instances. 
With  the  excess  of  coloring-matter  in  the  urine  may  be  taken  the 
fact  that  in  fever  there  is  a  progressive  decrease  of  red  corpuscles  and, 
according  to  some  writers,  a  corresponding  increase  in  the  amount  of 
iron  eliminated  in  the  urine. 

The  increase  of  urea  excreted  is  one  of  the  earliest  changes,  and  may 
even  precede  the  rise  of  temperature.  The  excess  is  generally  absolute ; 
sometimes  it  is  only  relative ;  that  is,  more  is  passed  than  would  be 
excreted  by  a  healthy  man  confined  to  bed  on  a  similar  diet.  There  is 
tusually  a  marked  increase  at  the  commencement  of  defervescence  :  this 
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is  most  likely  due  to  u  accumulation  of  iis  precursors  in  the  blond 
tissues. 

In  the  blood,  according  to  Hay  an,  both  htanatoblaata  and  mi 
fntohl  are  less  numerous  during  the  stationary  period  of  fever.    l-imt™  J 
the  fall  in  temperature  begins,  the  number  of  bmnatob 
reaching  its  maximum  a  day  or  two  after  t lit*  diea]  p 
fever.     During  the  following  week  it  gradually  rinks  I 
increase  in  the  Dumber  of  red  corpuscles,  and  a   simultaneous  dioiiii 
tinn  in  the  proportion  of  hemoglobin  which  they  contain,  donty  i" 
low  the  increase  in  the  hamiatoblasts.     The  rise  in  toe  |wreentajt*« 
biemoglobiu  completes  tlio  return  of  the  blood  to  its  norma]  Una 

Post-mortem  Rise  of  Temperature. — A  alight  rise  of  tampentun  at 
occurs  after  death,  especially  in  those  dying  Maidenly  or  of 
It  is  most  marked   in  ea-.es  of  fever  due  to  the  presence  "i    barter! 

products  in  the  blond,  and  in  oases  where  death  oocura  with  ■  hkjfcfi 
thing  temperature.     Tetanus  is  probably  the  bast  example;     Oil 

planation  is,  lh:it  eeswilioii  of  the  art  ion  of  tin-  hearl  i-  u>>i  ;Lceinii|>:iiii> 
by  immediate  extinction  of  tissue-change.  Thermogenic  process-*  na 
timie  tor  a  longer  or  shorter  time;  ami  thus,  while  the  prodl 
of  heat  ceiises  gradually,  the  loss  of  heat,  being  largely  dependent  -"ansa 
tlic  respiration  and  circulation,  is  out  down  so  suddenly,  thai  the  lertaeaW 
temperature  rises  for  a  brief  interval,  and  then  (nils  gradually,  a>  ieanai 
other  eases. 

Pathology  of  Fever. — The  foregoing  account  ha-  shown  that  «►—-•-■' 
essential  condition  in  fever  is  increased  thermogm&h  combined  with  -»■•• 
disturbance  of  the  heatr-regulating  process  or  (Aermofaaw,  whereby  aVsaal 
normal  balance  between  heat-pmduottun  and  heat-loss  is  upset.  Tfc----"15 
therm ogeties is  is  due  to  increased  breaking-down  of  the  tissues  and  rnue-  "" 
eially  of  the  muscles  and  the  viands.  As  has  been  already  intl 
by  increased  thenuogenesis   is  meant  that  a  febrile  patient  will  p 

more  heat  in  a  given  time  than  a  healthy  person  upon  the  sa 

tiniliT   similar  circumstance- ;    not   necessarily   nmre  than    a  lir-ahhy  prr"*— — 
son  on  ordinary  diet,  though  even  this  may  !«■  the  ease.     The  ftlinl^a* 
patient  takes  less  fond  and  the  increase  in  heat  he  produces  is  due  to  IB*------5 

excessive  combustion  of  his  tissue-.  Traube  held  that  diminished  Ins*-** 
of  beat  was  the  principal  cause  of  the  raised  temjwraUire  in  the  b«j^»J 
of  -i  febrile  patient,  and  that  this  was  brought  about  by  an  ei 
contraction  of  the  vessels  of  the  .-kin.  ISut  each  a  uontraction 
sels  is  by  no  means  constant,  and  when  it  occurs  is  not  of  Ions  [nT-i-ac  ■ 
enoe.  Moreover,  a  high  teui(>eratnre  and  a  freelj  Bweating  -kinolli^ 
occur  together,and  calorimetric observations  have  actually demo*«nala«a«n 
the  increased  thenuogencsis.  It'  support  i.-  required  tor  the  view  ihaaaa* 
fever  i-  dependent  on  increased  destniction  of  (issue,  ii  i-   found  in  taaaW 

prn|Mirtion:itel\    ihel Cased   ili-cli;il''je  of   llivn. 

Thermogenesis  is  under  the  control  of  the  central  nervous  -;■ 
in  the  present  state  of  knowledge  it  is  impossible  to  apeak  ccrtainlTOi** 
the  position  of  the  controlling  centre,  of  its  function,  or  of  the  patb-i- 
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its  afferent  and  efferent  fibres.  It  is  evident  that  the  causes  of  fever 
may  induce  the  increased  thermogenesis,  either  by  acting  directly  upon 
the  tissues  or  by  acting  on  them  indirectly  through  the  nervous  system. 
In  certain  cases,  e.  g.,  nervous  or  hysterical  fever,  it  seems  impossible  that 
the  cause  can  act  upon  the  tissues  otherwise  than  through  the  nervous 
system,  but  in  the  majority  of  cases  it  may  act  either  way. 

It  has  been  shown  that  thermogenesis  may  be  increased  enormously 
in  health  without  any  rise  of  temperature,  and  it  is  therefore  believed 
that  fever  involves  a  disturbance  of  thennotaxis,  whereby  the  balance 
between  heat-production  and  heat-loss  is  disturbed.  If  this  balance 
were  maintained,  as  in  health,  a  stable  temperature  at  a  higher  level 
than  the  normal  would  result.  But  the  chief  characteristic  of  the  tem- 
perature in  fever  is  its  variability.  Cold,  food,  excitement,  effort,  anti- 
pyretic drugs,  all  affect  the  temperature  in  fever  much  more  markedly 
than  they  affect  the  temperature  in  health.  As  Mac  A  lister  says,  the 
usual  daily  fluctuation  of  the  temperature  in  fever  shows  merely  that 
all  the  thermal  processes  are  not  utterly  deranged,  some  which  are 
rhythmic  in  health  remaining  so  in  disease. 

Causation. — Fever  may  be  due  to  infective  or  to  non-infective  causes. 
The  infective  causes  are  living  organisms,  animal  or  vegetable,  which 
multiply  in  the  tissues  of  the  body  and  produce  poisons  (toxines). 
Instances  are  seen  in  the  group  of  "  acute  specific  fevers,"  in  malaria, 
and  in  febrile  diseases  in  which  there  is  no  local  inflammation  present, 
at  least  in  the  early  part  of  their  course.  These  constituted  the  old 
group  of  primary  or  essential  fevers.  In  some  (typhus,  malaria)  there 
is  no  local  inflammation  throughout;  but  in  many  an  inflammation 
appears  (of  throat,  nose  and  eyes,  skin,  intestine)— too  late  and  often 
too  slight  to  account  for  the  fever  present. 

In  some  cases  the  fever  is  secondary  to  a  wound  through  which 
organisms  have  gained  access  to  the  body — e.  g.,  septic  infection, 
pyaemia,  erysipelas,  and  lymphangitis.  There  is  also  a  large  group  of 
fevers  secondary  to  inflammations  (inflammatory  fevers — e.  g.,  phthisis), 
all  of  which  are  infective.  In  these  "  secondary  "  fevers  the  fever- 
producing  materials  are  manufactured  by  organisms  in  some  definite 
part  of  the  body,  and  are  thence  cast  into  the  blood. 

The  non-infective  group  includes  :  (1)  simple  traumatic  fever,  which 
ensues  upon  "  simple  "  injuries  (contusions  and  fractures).  It  is  gen- 
erally slight  and  is  most  probably  due  to  the  absorption  of  fibrin- 
ferment  (and,  very  likely,  other  pyrogenic  bodies)  from  the  seat  of 
injury  :  possibly  irritation  of  nerves — by  the  original  injury  or  by 
fragments  of  bone  or  tissue — may  have  some  effect  in  causing  the 
fever,  though  strong  irritation  of  a  sensory  nerve  causes  depression  of 
temperature.  The  fever  which  occurs  in  aseptic  wounds  is  probably 
due  to  the  same  causes  as  the  simple  traumatic.  (2)  Septic  poisoning 
or  saprmmia  is  sometimes  included  in  this  class.  It  is  due  to  the 
absorption  of  toxine*  formed  outside  the  body  by  bacteria  which  do 
not  themselves  enter  the  blood-stream.     Hence  the  blood  is  not  in- 
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fective,  but  the  ultimate  cause  of  the  fever  is  as  infective  as  in  those 
of  the  other  group.  (3)  Rise  of  temperature  and  symptoms  of  fever 
may  be  caused  by  injuries  to  Uie  central  nervous  system — e.  g.,  haemorrhage 
into  the  pons  Varolii.  (4)  Nervous  (hysterical)  fever  is  supposed  to  be 
due  to  the  defective  control  of  the  central  nervous  system  over  the 
regulation  of  temperature.  The  rises  of  temperature  which,  in 
children,  puerperal  women,  and  other  weakly  adults,  occur  from  vari- 
ous emotions  and  other  slight  causes — e.  </.,  the  rise  which  is  so  com- 
monly found  after  an  entertainment  has  been  held  in  a  hospital  ward 
— seem  to  be  examples  of  nervous  fever.  This  form  is  unaccompanied 
by  the  other  phenomena  of  fever  (p.  231). 


CHAPTER  IX. 

PARASITES. 

A  PARASITE  is  an  organism  which  obtains  its  food  and  lodging  at 
another  organism's  expense,  without  destroying  it  and  without  render- 
ing it  service. 

Human  parasites  may  be  classified  according  as  their  habitat  is  on 
the  surface  of  the  body  (external)  or  in  its  interior  (internal).  Some 
parasites  are  wholly  parasitic ;  others  only  partially  parasitic — i.  e.f  spend 
only  a  portion  of  their  life's  cycle  in  the  parasitic  state.  Some  parasites 
seem  to  possess  a  considerable  degree  of  option  as  to  their  mode  of  life, 
remaining  in  an  independent  condition  for  irregular  intervals  without 
apparent  detriment  (occasional  parasites).  Some  can  exist  in  or  on  any 
one  of  many  species  of  animal,  others  in  or  on  only  a  few  or  even  a 
single  species ;  while  some  are  limited  to  one  tissue  of  a  single 
species. 

Parasites  generally  obtain  their  nutriment  easily,  and  tend  to  lose 
such  parts  as  are  not  essential  to  life  or  for  propagation.  Thus,  external 
parasites  retain  the  organs  of  locomotion,  for  active  movement  is  gen- 
erally necessary  to  obtain  food,  to  escape  from  danger,  and  to  effect 
copulation.  Internal  parasites,  on  the  other  hand,  generally  lose  these 
organs — teeth,  suckers,  and  cilia  alone  excepted.  Moreover,  internal 
parasites  obtain  food  and  oxygen  by  direct  absorption,  and  tend  to  lose 
both  alimentary  tract  and  respiratory  system.  The  power  of  reproduc- 
tion which  parasites  possess  is  enormous.  It  has  been  estimated  that  the 
common  intestinal  round  worm  produces  more  than  60,000,000  ova  per 
annum. 

The  effects  of  parasites  may  be  either  chemical  or  mechanical.  The 
chemical  effects  are  chiefly  exerted  by  means  of  toxic  products  result- 
ing from  the  growth  and  excretion  of  the  parasitic  organism.  These 
products  may  lead  (1)  to  general  poisoning  of  the  host;  (2)  to  local 
destruction  of  tissues ;  (3)  to  inflammatory  fibrosis ;  and  (4)  to  various 
reflex  effects.  The  mechanical  effects  comprise  (1)  the  blocking  of 
tubes  such  as  gland-ducts,  intestine  and  bloodvessels ;  (2)  pressure  upon 
and  destruction  of  tissues  by  the  mere  presence  of  the  growing  parasites ; 
and  (3)  hemorrhage  from  weakening  and  rupture,  or  from  direct  perfora- 
tion, of  the  walls  of  the  vessels. 

There  is  a  popular  idea  that  some  animal  parasites  can  appropriate 
to  themselves  an  amount  of  nourishment  which  seriously  detracts  from 
that  usually  at  the  disposal  of  the  host.  This  effect,  however,  is  at  most 
unimportant. 

It  will  be  readily  understood  that  in  all  local  effects,  either  chemical 
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or  mechanical,  the  gravity  of  the  results  "ill  daptnd  largi-ly  upon  *:!* 
importance  of  the  parts  and  tissues  involved.  The  growth  of  a  hynW  **' 
ey-t  in  tli«?  liver  may  produce  a  tumor  many  im-ln  -  a  <li  WMter,  _■*.  I 
causing  comparatively  little  inconvenience,  while  a  much  -mailer  grow  ™ 
may  lead  to  a  fatal  result,  if  it  occur  at  the  base  of  the  brain. 


ANIMAL   PARASITES. 

PEDICUU. 

Pediculi  and  acari  are  the  two  principal  vj-tmmt  ■Nrinqpnfa  Hav 
parasites  of  importance  in  temperate  zones.  The  former  are  win^le- 
IDMflni :  the  latter  are  memltera  of  the  spider  class  (  IrnnftnifnV 

Three    varieties   of   pedieulus  arc  parasitic   on    mar* — /*.   tvrym' 
J'.  <;,/,ittix,  and  P.  puiiU  (Fig.  125).      The  first  two  varieties  arecU 
similar,  anil  all   three   have  many  points  in  common.      In    length  \h  —  _2 
vary  from  1mm.  to  4mm.     The  head  is  conical,  constricted  at  ib 
t ion  with  the  thorax,  and  provided  with  a  proboscis, ■  pair  of  promiwr»  * 
jointed  antenna?,  and  a  compound  lateral  eye  lichiud  cadi  an  trims  •- 
The  thorax  in  the  /'.  corporis  and  /'.  oapffl*  b  marlo-d  oil'  BnofJ  il 
alxlomen  by  a  distinct  constriction,  and  carries,  in  each  of  the  thp- 
varieties,  three  pairs  of  jointed  legs  terminating  in  claws.     The  nunil*? 
of  segment-  in  the  abdomen  varies  with   the  specie*.      The  auraisc  ■ 
limbs,  tlmnix  ami  abdomen  alike  is  provided  «iili  scattered  hairs. 

The  sexes  are  distinguished  from  one  another  by  their   r.--pectiv 
sizes  and  by  their  generative  apparatus.     The  male-  an-  (too 
two-thirds  the  size  of  the  females.     The  pants  is  large  and  mk 
over   the   centre   of  die  dorsal   surface  of  the    last    three  afadat 
segments.     The  last  of  these  segments  is  rounded.      In  addition 
larger  size,  the  females  are  recognized  by  the  notching  of  the  Inst  aboHl 
inal  segment  and  by  the  possession  of  a  ventral  vagina.      It  folio* 
therefore,  that  the  females  are  uppermost  in  copulation.     The  a 
of  ova  produce"!  by  a  single  specimen  varies   in   the  diflaranl  I 
The  embryos  emerge  in   from  live  to  seven  days  and    niatinv  i 
morse  of  the  following  fortnight. 

The   intolerable   itching    produced    by   the  digging    aotioi 
parasites  extends  beyond  the  areas  immediately  afleeted,  and 
violent  scratching  of  the  parts  involved,  and  this  again  <■■  abn 
the  skin.      Into  these  abrasions  cocci    grow   readily,  ami   in   this  *i_^^" 
pgntwlnl  and  enlarged  glands  are  produced. 

1.  The    Pedieulus    corporis    vel    vestimenti    \<    the    largaat    of  un"*"1- 
pediculi  (3.5mm.    >     l.omm.l.      It  is  grayish  and  "emi-traW— ^  " 
parent,  and   possesses    well-developed    legs   which    enable 
rapidly.      There  are  eight  abdominal  segments.      This  parasite  inlial  ~~ 
the  ■  j | ■[■--■-  margin  of  the  underclothing  on  the  chest      Here  it  BBI ,: 
access    to    the    skin,  whence    it    obtains    it-<    nutriment.      Pnabta|  ' 
proboscis  along  some  duet,  it  withdraws  blood  by  suction. 


1  rwiriuttlr  tn  num.  Fig.  1—  Pedleuluii  pubis  If  enisle).  Fie.  2-I'edin.lue  pubis  (mule). 
*— - Anriu  tc*bid.  t/I  female,  M  uiale— u>  Jin.iv  ivm|>niaUveslw.  Fig.  J.-Pediculus 
""  llnttt).  Fie.  k-Pediculm  o.pitls  (mnlc).  Fig.  O.-Ova  t,r  nils  of  Perlieulu* 
'*•-  Fl«  ;.— Pedimlus  corporis  <f>.<ni»li'i.  Vic.  *  I 'idi.nl  us  i-nrjwia  (male).  These 
**  lltOW  ihi-  eompuitlve  (luess  well  ■»  Hie  distinguishing  fenturci:  ri.tintpiina-:  6,  legs; 
"Is;  d   rmii-h-  ■■  ■    r-vi-a  ;  i:  iindmseis  ,  «,  jglutlnom  slienth  lumiund- 

■»it(»)      <|& 
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entry  being  subsequently  marked  by  a  fine  hemorrhagic  speck.  The 
ova  are  generally  deposited  in  the  clothes,  but  may  be  occasionally  seen 
fastened  to  the  hairs  growing  on  the  skin  of  the  thorax  or  abdomen. 

2.  The  Pedicultui  capitis  is  smaller  than  the  foregoing  (2.5mm.  X 
lmm.).  Its  color  somewhat  simulates  that  of  the  skin  of  its  host, 
and  thus  may  be  pale,  dark,  or  distinctly  yellowish.  In  this  country 
the  sides  of  the  abdominal  segments  are  generally  much  darker  than  in 
the  P.  corporis,  which  in  general  appearance  it  closely  resembles.  The 
P.  capitis,  however,  possesses  only  seven  abdominal  segments.  This 
pediculus  inhabits  the  occipital  region  of  the  scalp.  Its  legs  are  the 
least  powerful  of  the  three  varieties,  and  its  movements  are  cor- 
respondingly less  active.  The  ova  (fifty  or  thereabouts  for  each  female) 
are  fastened  to  the  hairs  of  the  scalp  by  a  glutinous  substance.  They 
are  flattened  at  the  free  end,  and  are  provided  with  an  operculum, 
which  soon  falls  off  and  permits  the  escape  of  the  embryos. 

3.  The  Pediculus  pubis  is  the  shortest,  and,  proportionately  to  its 
length,  the  broadest  of  the  three  varieties.  The  antennae  are  very 
prominent.  The  constriction  at  the  base  of  the  head  is  very  slight, 
and  the  division  between  the  thorax  and  the  abdomen  is  marked  only 
by  the  position  of  the  legs.  Of  these  the  anterior  pair  are  slight,  and 
are  used  for  walking,  while  the  posterior  two  pairs  are  very  powerful 
and  terminate  in  strong  crab-like  claws,  enabling  the  parasite  to  cling 
with  great  tenacity.  This  pediculus  inhabits  the  pubic  hair,  rarely 
straying  to  more  distant  parts.  It  attaches  its  ova,  ten  or  fifteen  in 
number,  to  the  base  of  the  hair-shaft.     These  ova  are  difficult  to  see. 

AOARI. 

The  only  important  parasite  belonging  to  this  class  is  the  Acarus 
ncabiei  (Sarcoptes  hominis)  or  itch-mite.  This  minute,  tortoise-shaped 
arachnid  is  just  visible  to  the  naked  eye  as  a  white  glistening  speck : 
the  female  burrows  in  the  epidermis,  and  the  male  roams  over  the 
surface  of  the  skin  (Fig.  126).  Short  hairs  or  setae  are  scattered  over 
its  body,  which  has,  on  its  dorsal  surface,  rows  of  spines  forming  trans- 
verse, serrated  lines ;  and  on  its  ventral,  eight  short  conical  legs, 
terminating  in  long  bristles  or  stalked  suckers. 

Three  features  serve  to  distinguish  the  female  from  the  male:  (1) 
the  size,  (2)  the  distribution  of  bristles  and  suckers,  and  (3)  the  generative 
apparatus.  (1)  The  female  is  rather  less  than  0.5  mm.  long  (^  in.), 
while  the  male  is  rather  more  than  half  the  size  of  the  female.  (2) 
In  both  sexes  the  four  anterior  legs  terminate  in  suckers.  Of  the 
posterior  four,  in  the  female,  all  end  in  bristles ;  while  in  the  male,  the 
two  external  end  in  bristles,  and  the  two  median  in  suckers,  an  arrange- 
ment by  which  copulation  is  facilitated.  (3)  In  the  female,  little  evi- 
dence of  generative  organs  can  be  seen  beyond  the  occasional  presence 
of  an  ovum  on  the  ventral  surface ;  in  the  male,  however,  there  is  a 
penis,  with  a  horny  support,  in  shape  not  unlike  a  pitchfork. 

The  larval  form  is  smaller  than  the  male  (Fig.  126).  and  possesses 


ily  six  legs.     Before  reaching  maturity  it  sheds  its  skin  two  or  three 
mts,  and  develops  generative  organs  and  eight  new  legs.     The  original 
( legs  are  not  shed  until  the  new  ones  ure  developed,  so  that  in  some 
iriini'ii-  tiiiirtecn  h'gs  may  l»e  counted. 
The  female  aearus  burrows  into  the  epidermis,  depositing  her  eggs 


WMof  one  a  day — along  the  track.  If  undisturbed,  she  continues  to 
tliis  tot  some  weeks,  and  then  dies.  In  the  meantime,  the  ova 
dually  develop  into  the  larval  form,  burrow  a  little,  mature,  become 
iffe-goated,  and  finally,  in  the  case  of  females,  start  burrowing  afresh. 
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The  male  does  not  burrow,  but,  as  the  epithelium  wears  away,  reaches, 
and  wanders  over,  the  surface  of  the  skin. 

Effects. — The  presence  of  the  parasite  in  the  skin  gives  rise  to  intol- 
erable itching,  which  is  followed  by  violent  scratching.  Pyogenic  cocci 
grow  into  the  abrasions  of  the  skin  thus  produced  and  give  rise  to  a 
pustular  eruption.  The  parasite  seems  to  have  a  special  preference  for 
the  hands,  feet,  and  external  generative  organs.  The  disease  arises  from 
prolonged  contact  with  infected  skin,  bedding,  clothes,  or  tools. 


CESTODA.1 

The  members  of  the  Cestoda,  indigenous  in  man,  are  long,  flat, 
white,  tape-like  worms  inhabiting,  in  their  mature  form,  the  intestinal 
canal.  The  mature  worm  consists  of  a  minute  head  and  neck  with  a 
longer  or  shorter  row  of  attached  segments.  The  complete  worm, 
known  as  strobi/m,  is,  in  most  cases,  not  a  single  individual,  but  a 
colony  of  individuals  formed  by  continual  budding  from  a  single  spot 
on  a  parent  segment  (Fig.  127).  The  head  or  parent-segment  is 
generally  1  mm.  to  2  mm.  broad,  and  is  provided  with  suckers  which 
enable  it  to  cling  to  the  wall  of  the  intestine.     It  is  succeeded  by  a 

Fio.  127. 


Portions  of  a  Taenia  saginata.    Natural  size,    a,  head,  neck,  and  commencing  segmentation; 

6,  central ;  c,  terminal  proglottides. 

long  narrow  neck.  At  the  farther  end  of  this,  in  the  large  majority 
of  instances,  transverse  lines  become  visible,  indicating  the  divisions 
between  the  segments  or  proglottides  of  which  the  worm  almost  entirely 
consists.  Those  nearest  to  the  neck  are  imperfectly  developed  and 
defined,  those  in  the  centre  are  distinctly  marked  off  from  their  fellows 
and  present  well-developed  generative  organs,  while  those  nearest  the 
posterior  end  are  crammed  with  ova.  Each  fully  developed  segment 
is  hermaphrodite.  These  worms  are  destitute  of  digestive  organs,  and 
absorb  their  nutriment  directly  from  the  intestinal  contents.  They 
possess  a  complete  water-vascular  system  which  takes  the  form  of 
longitudinal  tubes  running  down  each  side  (Fig.  131). 

1  Greek  terror,  a  girdle.    The  Cestodes  form  a  distinct  roologicml  order,  tod  are  not 
in  reality  worms  in  the  strict  meaning  of  the  term. 
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The  life  history  of  a  tape-worm  includes  residence  in  two  liosb*. 
The  ripe  proglottides  are  broken  off,  for  the  mast  part  one  by  one,  from 
the  parent  worm.     Before  they  are  discharged  from  the 
intestine,  or  even  after  they  have  been  passed,  the  ova        Fio.  128. 
they  contain  are  set  free.     It  is  generally  believed  that 
the  ova  are  expelled  from  the  proglottides  by  the  ver- 
micular movements  of  the  latter ;  in  any  ea.se  they  retain 
their  vitality  for  some  days.    If  at  this  stage  the  ova  are 
eaten  by  some  animal  capable  of  acting  as  the  host  of  the 
intermediate  form  of  the   parasite,  they  continue  their 
development  until  the  shells  are  dissolved  off  in  the  ali-       erotic"  aiage 
mentary  tract,  and  an  embryo  with  six  booklets  is  set  free.        ",llh  h"d 
By  means  of  these  hookleta  the  embryo  is  enabled  to       ^ifrihim 
penetrate  the  wall  of  the  alimentary  tract  and,  by  way        Leuckut.; 
of  the  blood-stream  or  some  other  route,  to  reach  some 
distant  part.     When  the  progress  of  the  embryo  is  finally  arrested,  the 
booklets  disappear,  and  at  the  end  of  the  embryo  opposite  to  their 
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Head  of  Tannin  folium,  front  view     2.  Heart  of  Twills  so 

Hum,  aide  riow.    8.  Head  of  Trnft 

aa*1naU,  fWmt  Tlew.    4.  Heart  of  Ruthriot'upbalu*  latu 

i,  utile  Tlew.    n.  hook  Let*;  r,  roatpl 

lum;  i,  auckem;  m,  mmmlt  of  natellum.     ■  ill 

attachment  a  cavity  appears.     From  the  wall  of  this  cavity  a  fully 
formed  head  (acofex)1  develops,  whili 


while  the  parasite  gradually  becoil 
uiktf ,  a  worm. 


Tvnia  lollum.     Mature  proglottis,  with   ow 
netting  nf  uterus  lest  eomplex  than  in 
Fig.  130a.    X  & 


TedIi  aaglnata.  A  proglottis  near  the  ter- 
minal end,  allowing  the  female  |MNM 
organi  crammed  with  oya.    g#.,  ganHal 
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enclosed  in  a  fibrous  capsule  supplied  by  the  surrounding  tissues.  In 
this  intermediate  or  cystic  stage  the  parasite,  now  known  as  cysticercua' 
(Fig  128),  may  live  for  many  months  or  may  soon  die.  When  dead, 
it  readily  undergoes  calcification.  If,  however,  tissues  containing  living 
cysticerei  be  swallowed  by  an  animal  capable  of  acting  as  the  host  of 
the  mature  worm,  the  investing  material  is  dissolved  oft',  and  the  scolex 
is  set  free.  By  means  of  their  suckers  some  of  the  heads  will  prob- 
ably become  attached  to  the  wall  of  the  intestine,  and  segments  will 
quickly  develop  from  tlie  free  ends.  All  new  segments  are  formed  at 
the  neck,  and  the  older  ones  are  thus  pushed  further  and  further  from 
the  head,  at  the  same  time  gradually  developing  generative  organs. 
Two  months  generally  elapse  between  the  swallowing  of  the  cysticerei 
and  the  passage  of  the  first  proglottides  from  the  rectum. 


Bothrlocephaliu  latu>.     Three 


Four  varieties  of  tape-worm  are  commonly  parasitic  in  man.  Three 
of  these  are  found  in  the  intestine,  the  Tirnia  solium,  the  lien  mi 
saginatu  or  mediocatteltata,  and  the  Jiothriocejthidus  latus.  The  fourth, 
the  Tirnia  echinoeoccus,  does  not  infest  the  human  intestine,  but  may 
be  found,  in  its  cystic  or  intermediate  stage,  in  the  liver  and  other 
parts.  The  characters  of  these  four  parasites  are  set  forth  in  the 
accompanying  table,  from  which  it  will  be  seen  that,  except  so  far  as 
the  head  is  concerned,  the  Tiritio  mliiun  anil  the  Tirnia  mginuta  very 
closely  resemble  one  another;  while  the  Jiothrioeephalm  lutitx  is  easily 
distinguished  by  the  shape  of  its  head,  by  the  breadth  of  its  segments, 
and  by  the  coil-like  form  of  its  uterus  ( Fig.  134). 

Two  other  tape-worms  are  less  commonly  met  with  in  the  human 
intestine,  the  Tcenia  nana  and  the  Tunin  canina  (i-ucumcrina).  Of 
these,  the  Tcenia  nana  is  from  half  an  inch  to  one  inch  in  length,  and 
consists  of  head,  neck,  anil  uhotit  150  broad  segments.  The  head 
somewhat  resembles  tliat  of  the  Tirnia  solium,  but  is  more  spherical; 
while  the  joints  are  broad,  like  those  of  the  IioOirioeephdu*  latits ;  hut 
the  genital  pore  is  at  the  side.  The  T<cnia  canina  is  about  one  foot 
in  length.  The  head  has  three  or  four  rows  of  booklets,  which  are 
twice  aa  numerous  as  in  the  other  varieties.     The  segments  number 

'■fame,  iv  bladder  ;  ■(/>•<«;,  ■  tail. 
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about  one  hundred,  of  which  the  last  twenty-five  are  mature  and  rather 
more  than  a  quarter  of  an  inch  in  length.  They  have  a  genital  pore 
on  each  side  of  each  proglottis.  This  parasite  is  most  frequently  found 
in  dogs  and  cats,  and  the  intermediate  host  is  supposed  to  be  a  tick  or 
louse. 

Effects. — These  are  generally  so  slight  that  the  presence  of  the  worm 
is  unsuspected  until  detached  proglottides  are  passed  per  anum  ;  but 
slight  intestinal  colic,  and  even  convulsions  and  other  nervous  dis- 
orders, occasionally  ensue,  especially  in  children.  These  effects  are 
due  either  to  mechanical  irritation  or  to  the  absorption  of  toxic  sub- 
stances formed  by  the  parasites.  In  the  case  of  B.  laius,  which  may 
be  associated  with  symptoms  of  profound  anaemia,  there  is  some  evi- 
dence that  the  parasite  secretes  a  hemolytic  poison. 


Comparative  Table  of  Parasitic  Tape- worms. 

See  Figs.  125-131. 


Nunc 


Length. 

8EGMENT8. 

Hoot. 
Seat. 

Source. 


Intermediate 
Hoot. 
Seat. 


Source. 


Head. 


(Fig.  125.) 


8EGMENT8. 


Generative  Ap- 
paratus. 


Oya. 


Tania  solium. 


7  to  10  feet. 
700  to  1000. 

Man. 

Intestine,  often 
in  numbers. 

Infected  insuffi- 
ciently cooked 
pork. 

Pig :    "measly 
pork." 
Muscle  and  vis- 
cera. 


Food  infected 
with  dejecta 
contai  ni  ng 
ova. 

Length  A  inch. 
Rostellum,  26  or 

28    hook  lets. 

double  row. 
4  suckers. 

Mature  segments,  j 
length  greater  i 
than  breadth.      ' 

t 

Uterus,  a  central  , 
canal  with  about 
10  branches.         j 

Piipilla,  with  gen-  ! 
ital  pore  on  side  , 
of  segment ;  side 
alternating. 


Spherical. 

Almost  mature 
when  dis- 
charged. 


TJBNIA  8AGINATA. 


10  to  20  feet. 

1000  to  2000. 

Man. 
Intestine, 


usu- 


ally singly. 
Infected  Insuffi- 
ciently cooked 
beef. 

Ox:  "measly 
beef." 
Muscle  and  vis- 
cera. 


Food  infected 
with  dejecta 
containing 
ova. 

Length  A,  inch. 
No  rostellum,  no 
hooklets. 

4  suckers. 

Mature  segments, 
length  greater 
than  breadth. 

Ueru*.  a  central 
cMial  with  be- 
tween 20  and  30 
branches. 

Papilla,  with  gen- 
ital pore  on  side 
of  segment,  al- 
ternation irreg- 
ular. 


TjENIA   ECHINO- 

coccus. 


Both  rioceph  alus 

LATl'Ji. 


l4  Inch. 
4. 

Dog  and  Wolf. 
Intestine,  in 
numbers.  i 

Infected  viscera 
of  sheep.  ' 

Man  and  Sheep. 

Chiefly  liver, 
less  frequent- 
ly muscle  and 
viscera. 

Food  infected 
with  dejecta 
containing 
ova. 

Length  A  inch. 
Same    as    Tenia 

solium,    but 

smaller. 
4  suckers. 

4  segments  only. 


Mm**,  a  wide 
cavity  in  last 
segment. 

Papilla,  with  gen- 
ital pore  on  side 
of  last  segment. 


10  to  25  feet. 
3000  to  4000. 

Man. 

Intestine,  one  or 
more. 

Infected  insuffi- 
ciently cooked 
lake  nsb. 

Fish:  very  rare  in 
United  States. 
Muscle  and  vis- 
cera. 


Food  infected 
with  dejecta 
containing 
ova. 

Length  A  inch. 
Club-shaped  oval, 
no  hooklets. 

2  suckers. 

Breadth      always 

Jrreater  than 
ength. 


Short  oval.  |  Spherical. 

Almost      mature  , 

when       d  i  s 

charged. 


,  l\eru$,  tube  ar- 
ranged in  loops 
giving  appear- 
ance of  rosette. 
Genital  pore  in 
centre  (ventral). 


Oval,  with  oper- 
culum, imma- 
ture, develop  in 
water,  where 
they  swim  about. 


Hydatid  Cysts. 

reference  must    he    made    to  the  cystic  stage  of  the  Tmia 
iwing  to  t!if  frequency  with  which  it  is  (band  in  the  viscera 
,  especially  in  the  liver — three-fifths  of  the  total  cases  occurring 
t  organ. 

The  embryos  derived  from  the  ova  of  the  adult  worm  are  set  free 
m  the  intestine,  from  which  they  escape,  mainly  by  the  veins,  and  thus 
reach  the  liver  or  other  porta  where  they  come  to  rest.  Each  embryo 
is  capable  of  development  through  a  long  cycle  of  change-,  the  earliest 
"('  n hicli  consist  in  the  formation  of  a  spheroidal  body  which  gradually 
'Wei"]!-  into  a  cyst.  The  ci/xt-wiilf  w/itxixlx  of  two  layers — an  external, 
Irart.snttrent,  more  or  less  definitely  laminated  rrtoct/st,  and  an  internal, 
granular,  germinal  layer  or  atdoogat  (Pig.  13.5). 


Fiu.  185. 


*^*.m  of  portion  of  w»ll  of  hydatid  tytt.  ti>  show  d*v«lopmeiil  ofbroQd-MpMlM  »nd  icollcea 
<*•  gtnnlntl  Uyor  or  endocysl  allowing  com mi-n™ muni  of  lm,odeii|«ule ;  6.  brood -c»raule 
**  'th  two  HBlloat,  urn-  iiiv.rtini,  the  othBf  everted .  r.  iwuiiiattd  layer  or  ectooyiL    x  W. 

The  -v/nt  contain*  (1)  a  varying  amount  of  fluid  which  is  clear,  saline, 
^"1,  in  its  primitive  state,  non-albuminous,  with  a  specific  gravity  vaiy- 
u,e  thro  1004  to  10X3  ;  and  (2)  the  sootfoea  or  immature  heads  of  the 
^ult  parasite.  The  soolicee  differ  from  the  heads  of  the  adults  only 
™  the  smaller  size  of  the  booklets  of  the  former  and  in  the  incomplete 
'kvdopnient  of  the  roots  of  their  booklets.  There  is  no  complete 
"feement  as  to  the  exact  procedure  by  which  these  scoliees  are  formed. 
V1  all  probability  they  may  arise  directly  from  the  germinal  layer  of 
"M5  original  cyst-wall ;  but  more  usually  they  originate  from  secondary 
^ts  known  as  "  brood -capsules."  These  are  formed  as  hollow  eleva- 
""'is  from  the  germinal  layer,  and  gradually  come  to  consist,  as  in  the 
'■'-•-  nf  the  original  cyst-wall,  of  two  definite  layers — though  their 
j**ition  is  inverted — an  outer  germinal  layer,  and  an  inner  imperfectly 
'ar> » i  tinted  layer.  The  outer  layer  is  connected  with  the  original  cyst- 
"a'1  by  a  stalk  (Fig.  135).  From  the  wall  of  the  brood-capsule  the 
slices  are  formed,  in  some  cases  as  invaginated  depressions  into  the 
interior  of  the  capsule,  in  others  as  external   projections  from  the  sur- 
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face.  If  the  wail  -if  tin'  broad-capsules  is  ruptured  the  scoliees  mij 
be  scattered  unattached  through  the  contents  of  the  cyst.  Acconhnf 
to  Leookart,  all  scoliees  are  formed  originally  from  flu-  exterior  as  hollow 
buds  which,  later  mi,  may  become  hi  vacillated,  then  appearing  as  inter- 
nal projections  into  the  cavity  of  the  brood-capsule.  However  fenmil, 
they  may  remain  quiescent  for  long  periods,  or  may  die  and  ili-inr.- 
grute  (Fig.  13(5)  and  become  calcified,  the  calcification  of  the  oyi 
preceding  that  of  the  scoliees. 

The  brood-capsules  do  not   always  grow  directly  from  the  original 


wate 
mom 


tu[i  trots  Of  hydatid 


cyst-wall,    Iml    on    snme    inva-iim-     iV -.■(■.. ii.larv    it   (hin^l/.    -       :_ 

which  may  arise  as   hernial   protrusions  from    the  original  .  \-- 
depressions    into    its   interior.     These  daughter-cysts    may    by  .-uair— T 
changes  produce  another  generation  of  corresponding  cysts,  from  0 J* 
of    which  bnxxl-enpsules    may  be    fbrmid.      Sti-rilc    c 
neither  daughter-cysts    imr   seoliees,  are  sometimes  found,  the 
apparently  depending  upon  the  lack  of  sufficient  nourishment.     It  "i*  ' 
thus  be  understood  that  the  process  of  formation  is  very  complex  in-*-* 
that  much  room  exists  for  difference  of  opudMb 

The  presence  of  the  hydatid  cyst  leads  to  the  prolifcititiv..'  n  i.-n-  ' 
..I'  the  connective-tissue  in  which  it  grows,  and  to  the  gradual  deveky'* 
nient  of  an  extenud  BrraUM  eoof. 

Hydatid  disease  is  generally  derived  from  infection  of  the  food  Of* 
water-supply  by  contamination  with  the  (ieces  of  dogs,  and  is  eon- 
niiini  -i,  therefore,  in  those  places  in  which  dogs  and  men  arc  dose  con- 


nnjona,  ;mil  where  insufficient  care  is  taken  to  avoid  infection.     Ice- 
land  ami  Aii-tralin  are  the  chief  homes  of  the  disease. 


NEMATODA1 

Nematoda,  or  round  worms,  are  long,  slender  and  cylindrical,  taper- 
ng  at  both  ends.  They  possess  a  well-developed  alimentary  tract  with 
t  mouth  at  one  end  of  the  worm  and  an  anus  at  the  other.  The  Hexes 
«re  distinct,  the  female  being  larger  than  the  male.  In  the  male,  the 
genital  pore  is  generally  close  to  the  amis,  and  therefore  near  the  posterior 
iTn  I  n|'  the  body.  In  the  female,  the  vagina  is  near  (lie  middle  of  the 
;il«l<iininal  surface.  A  short  description  will  l>e  given  of  the  priuei- 
|ul  iwrasitie  forma  which  are  pathogenic  in  man. 

1.  Ascaris  lomfcricoides. — This  is  the  common  round  worm  of  the 
intestine.  During  life  it  is  of  a  pinkish-gray  color  with  a  glistening 
surface ;  after  death,  it  loses  its  pinkish  tint  and  becomes  more  opaque. 
The  female  averages  about  a  foot  long  and  the  male  six  inches.  The 
iwacl  lias  a  central  mouth  provided  with  three  lips.  The  ova  are  oval 
and  generally  surrounded  with  send -trans  parent  albuminous  substance. 
"  'x'n  swallowed,  they  gradually  find  their  way  into  the  small  intestine, 
wveloping  info  the  adult  form  in  the  course  of  a  month.  As  a  rule, 
""*  more  than  five  or  six  worms  are  found  in  the  same  host.  They 
**  especially  common  in  lunatics,  negroes,  children,  and  other  indi- 
™*ttlbof  dirty  habits.  Occasionally,  however,  large  numbers  may  lie 
'""'i.l  In  the  intestine  of  a  single  individual — especially  in  tropical 
f^ntries.  Although  the  duration  of  their  life  is  not  accurately 
""om-i^  it  is  probably  not  more  than  a  few  months.  tic-iufection  from 
fA":>llnwiiig  tin-  ova  passed  in  the  ficees  may  produce  a  supply  lasting 
""'in  years.  The  effects  of  the  parasite  are  due  (1)  to  irriUtticm,  which 
pv«8  rise  bo  -light  colic  and  occasionally,  in  rickety  children,  to  con- 
v'"l*ioiis  and  other  less  important  reflex  effects  ;  (2)  to  their  wandering 
'"'(tilx,  by  which  the  worms  may  find  their  way  into  the  bile-duct, 
*  ''lui'li,  larynx,  middle  ear,  peritoneal  cavity,  vagina,  or  other  places, 
:>n'  I  there  give  rise  to  symptoms  of  obstruction  or  irritation  ;  and  (3)  to 
mg  together,  in  a  few  instances,  of  several  worms,  thus  causing 
''"'wiiol  obstruction.  In  the  majority  of  cases  the  presence  of  the 
I1,1  '  -i-ii'  -  i-  unsuspected  until  they  are  expelled. 

2.  Oxyuris  vernucularie  ( 1'ig.  137). — These  are  small  round  worms 
'",*  »wn  as  thread,  teat,  or  maw  worms,  having  the  appearance  of  shreds 
''  bent  or  twisted  white  cotton.  The  female  is  one-third  to  half  an 
'nt"l»  in  length,  (he  male  is  half  this  length.  The  head  is  pointed  and 
'ut"«ii-hed  with  two  cutieular  bags,  one  ou  the  dorsad  and  one  on  the 
v'*'Hr;i]  surface.  The  posterior  end  of  the  female  is  long  and  tapering 
TOi  a  serrated  edge,  that  of  the  male  is  curved  with  a  rounded 
extremity,  furnished  with  a  single  projecting  spike.  The  ova  are  of  a 
\*culinr  and  distinctive  oval    shape,   being  more  convex  on  one  side 


ivmiiruUrU  inulri ;  :>.  TrU-hliia  s[,lr*ll«  ifemnlei; 
Iplmll-,.  rmhryta  In  m uncle  ;  B  Filnrta  Bam-rnR)  ili-mnl.".  |«»ulal  furm  <•!  P,» 
bom  I  HI.  nortunia:  ta  PtUrla  lUnirultl.  tul.  ilM:  S.  KUnrm  until]  nil  lion  lab  • 
riiilirji-  In  IjI.khI  i  1 


tUntu-  of  the ascarU,  the  proms?  Iteing  completed  in  two  m  tliiw  ». 
The  ova  do  not  develop  unle.-.*  passed   through   the  Ktmnwh. 
mart  aooordiugly  be  passed   per  aiium  ami   the  host  re-tnfisottd  I 
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mouth  before  a  new  generation  can  develop,  in  cases  where  any  contin- 
uous infection  is  maintained.  The  oxyurides  inhabit  the  large  intestine, 
especially  the  wecum,  where  they  may  exist  in  myriads.  As  the  (eruales 
become  pregnant  they  generally  pass  into  the  sigmoid  flexure  and  rectum. 
These  parasites  are  found  mainly  in  children,  and  are  probably 


iryut.  A  few  red  bluod-corpuicle*  have  been 
mtiieiiV,  Tenia  milium:  3.  &rthHuceplmlu» 
brlcol.lro ;  !i.  Oiyuris  verm  ion]  aria ;  6.  Trlro- 
Hn.  Mlharila  hnmalciUlu  ;  V.  Fl 


derived  from  infected  vegetables  and  fruit.  Their  principal  effects  are 
those  of  local  irritation.  They  give  rise  to  the  formation  of  a  large 
quantity  of  slimy  mucus,  some  of  which  is  passed  with  the  stools. 
They  may  also  lead  to  prolapse  of  the  rectum  and  enuresis.  Their 
reflex  effects  are  somewhat  indefinite.  They  arc  accredited  with  pro- 
ducing cough,  restlessness,  and  even  convulsions,  though  the  latter 
statement  is  probably  erroneous.  Their  wandering  habits  are  as  marked 
as  those  of  the  ascarides,  hut  the  results  are  much  less  serious.     The 
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females  make  their  way  through  the  anus  at  night,  causing  intolerable 
itching,  and  may  be  found  in  the  vagina,  on  the  buttocks,  and  on  the 
sheets.  The  itching  at  the  anus  leads  to  scratching  and  to  the  deposi- 
tion of  ova  under  the  finger-nails.  The  additional  itching  at  the  mouth 
and  nares,  which  is  also  a  common  effect,  leads  to  the  continual  transit 
of  the  fingers  between  the  mouth  and  anus  during  sleep,  and  accounts 
for  the  extreme  frequency  of  autoinfection. 

3.  Ankylostoma  Duodenale  ( Uncinaria  Duodenalis)  (Fig.  137). — This 
parasite  is  not  endemic  in  England  or  the  United  States,  but  is  exceed- 
ingly common  in  all  tropical  and  subtropical  countries.  The  females  are 
rather  more  than  half  an  inch,  and  the  males  rather  less  than  half  an 
inch  in  length,  but  the  former  are  at  least  twice  as  thick  as  the  latter. 
The  head  is  provided  with  four  hooks  and  two  teeth.  The  posterior 
end  is  broad  in  both  sexes,  the  male  possessing  an  umbrella-like  caudal 
expansion,  fitted  with  ribs  and  two  long  projecting  spicules.  The  ova 
are  oval,  segmented  and  enclosed  in  a  thin  transparent  capsule.  They 
develop  rapidly  in  muddy  water  and  in  mould,  especially  if  this  is 
mixed  with  faeces.  The  embryos  in  this  stage  can  exist  for  months. 
They  are  generally  supposed  to  enter  their  host  by  the  mouth,  but  it 
has  recently  been  maintained  that  their  point  of  entry  is  the  skin,  in 
which  they  give  rise  to  a  form  of  dermatitis.  They  take  five  or  six 
weeks  to  form  fully  developed  adults.  They  inhabit  the  jejunum 
and  duodenum  in  large  numbers,  becoming  attached  to  the  mucous 
membrane  by  means  of  their  hooks,  and  sucking  the  blood  from  the 
submucous  tissue.  The  results  of  their  presence  in  the  intestine 
are  very  variable.  In  some  cases,  even  when  large  numbers  are 
present,  no  symptoms  occur :  in  other  cases  the  parasites  give  rise  to 
hemorrhage  and  consequent  anaemia,  as  well  as  to  colic  and  intestinal 
catarrh. 

4.  Trichina  Spiralis  (Fig.  137). — In  their  fully  developed  form  these 
minute  round  worms  are,  in  the  case  of  the  female,  about  one-eighth 
of  an  inch  long  and  in  the  case  of  the  male  about  one-eighteenth.  The 
head  in  both  sexes  is  pointed  :  in  the  male  the  posterior  extremity  is 
furnished  with  two  jaw-like  appendages  which  probably  serve  to  fix 
the  female  during  copulation.  The  ova  are  hatched  within  the  body 
of  the  female  and  escape  from  the  vagina  in  the  form  of  minute 
elongated  embryos.  The  life-history  of  the  parasites  can  be  best  under- 
stood by  tracing  the  development  of  the  embryos  from  the  intermediate 
or  encysted  stage  in  which  they  lie  encapsuled  in  the  tissues.  In  this 
stage  they  may  be  found  in  the  connective  tissue  between  the  individual 
muscle-fibres,  in  the  subcutaneous  fat,  in  the  wall  of  the  intestine,  and 
in  other  places.  If  a  portion  of  muscle  infected  with  these  embryos 
be  examined,  it  will  be  found  to  contain  a  large  number  of  minute  oval 
specks  just  visible  to  the  naked  eye.  On  microscopical  examination 
each  speck  is  seen  to  consist  of  a  minute  oval  capsule  with  elongated 
ends,  containing  usually  but  one  embryo  (Fig.  138).  These  encapsuled 
trichinae  may  live  for  years.     After  a  time  the  cyst-wall  may  calcify : 


ilciflod  trichlnw  In  muscle.  In  two  of 
the  parasites  the  capsules  and  con- 
tents urn  to  fur  calcified  Uiat  hardly 
any  trace  or  the  coiled  emurjo  re- 
ui.iiii>.  In  Uu-  i.tinr  the  trichina  Is 
dead,  shrivelled  and  bMMnlBg  in- 
filtrated,   y  30. 
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if  the  embryo  within  dies  this  will  undergo  the  same  pn 
If  ;i  portion  of  a  muscle  containing 
Iivingembryo-  be  eaten  bj  an  organism 
capable  of  becoming  the  host,  the  cap- 
■  'Iis.-ulvi.il  off  in  the  Btomach 
and  the  embryos  pass  into  the  intestine, 
grow  dighdj  (X  inch),  mature  and 
pair.  The  female  grows  rapidly  to 
Iwmw  its  former  size,  and  develops  ova 
ami  embryos  !is  described.  These  are 
itlicr  discharged  into  the  intestinal 
■;n.:i  1  or,  according  to  some  observers, 
acre  cteponted  in  the  lymphatics  of  the 
iiit«'~.tiiuil  walls.  In  any  ease  they 
read]  the  muscle  and  become  coiled  up 
with  in  a  capsule  as  previously  di'siTilH'ti. 
Tln-ir  complete  life-history  can  be  ac- 
complished in  about  eighteen  days — two  or  three  days  occur  between 
iiitV-«-tiini  and  the  pairing  of  sexes,  six  or  seven  on  in-  before  the  embryos 
**"e  Bet  free,  sad  another  nine  or  ten  before  they  become  encysted  in  the 
taacmes. 

'Flie  principal  hosts  are  man,  the  pig  and  the  rat.  The  disease  is 
l""«tl>iihly  conveyed  to  man  in  pork — the  diaphragm,  muscles  of  the 
"•■'•k,  and  intercostals  being  those  muscles  which  contain  the  largest 
tUWabn  of  parasites  and  those  which  are  principally  used  in  the  manu- 
tiit-I  ure  of  sausages.  It  is  obvious,  however,  that  no  animal  can  become 
Infected  «  hiob  is  not  carnivorous,  and  it  is  therefore  necessary  to  explain 
^"liy  die  pig  should  BO  frequently  become  infected.  The  explanation 
pvofaobly  lies  in  the  tact  that  the  rat,  which  is  well  known  to  eat  its 
°*n  kind,  i-  very  largely  infected  wherever  the  disease  may  be  endemic. 
'  "lis,  successive  generations  of  the  parasites  are  maintained,  and  pigs 
n,;iy  at  any  time  be  accidentally  infected  by  eating  food  containing 
Portions  of  the  diseased  rate.  With  regard  to  the  general  subject  of 
'"''■i-tinn,  it  may  1m?  noted  that,  while  the  adult  intestinal  trichina?  prob- 
'''*>"  only  live  for  one  or  two  months,  the  muscle-trichina1  not  only  live 
,  r.  J*™!  '""  c"1  resist  the  decomposition,  pickling,  and  freezing  of 
"'"ir  environment,  succumbing  only  to  a  temperature  of  80°  C, 
^  ''*  ifh  is  rarely  reached  in  the  interior  of  any  large  joint.     The  parasite 

'"  ''• Honest  in  America  and  Germany.      Its  effects  arc  so  marked  that 

lo>'  give  rise  to  a  definite  disease  known  as  trichinode,  consisting  of 
u"  ■  stages.  The  first  stage  is  characterized  by  1111  acute  gastro-enteric 
'■^tjArih  dm-  to  the  presence  of  myriads  of  embryos  in  the  intestine,  and 
*  Sometimes  mistaken  for  cholera  or  irritant  poisoning.  This  is  suc- 
'''■""•liii  |,y  a  Beoond  stage,  which  develops  when  the  embryos  reach  the 
^'i-.,.],.^  ;ln,i  oonsiBte  of  intense  muscular  pain,  swelling,  rigidity,  and 
"•ojeroess,  giving  rise,  in  addition  to  a  liigh  temperature,  to  aphonia, 
*l  Bpntea,  tri-mu>,  dysphagia,  and  other  serious  symptoms,  according  to 
^"'  -[K-eial  muscles  mainly  involved. 
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5.  Filariae. — Filariae  are  long  thread-like  worms.  In  tropical  coun- 
tries many  forms  are  parasitic  in  the  human  body.  Thus,  the  Filaria 
oculi  is  found  in  the  tissues  of  the  eye,  and  the  Mia  rut  metlinensis 
(guinea-worm)  and  the  Filaria  ha  in  the  subcutaneous  tissue.  All 
these  parasites  may  produce  local  irritant  effects. 

Of  greater  interest  is  a  group  of  filaria?  known  as  the  Filar  in  san- 
guinis ho  minis,  because  the  embryos  of  the  parasites  are  found  in  the 
blood.  Of  these,  the  Filaria  sanguinis  hominis  nocturna  is  the  best 
known  member  of  the  group. 

The  adult  form  of  the  Filaria  noctnrna  is  generally  known  as  the 
Filaria  Bancrofti  (Fig.  137).  The  female  has  the  appearance  of  a  white 
thread,  about  three  and  a  half  inches  long  and  rather  more  than  one- 
hundredth  of  an  inch  in  diameter.  The  male  is  considerably  smaller, 
and  less  frequently  found.  The  posterior  end  in  both  sexes  is  blunt, 
and  the  head  slightly  bulbous  with  a  central  unprotected  mouth.  The 
vagina  of  the  female  is  close  to  tine  head.  After  the  death  of  the  host 
these  parasites  are  generally  found  in  the  retro-peritoneal  lymph- 
channels,  but  may  l>e  lodged  anywhere.  The  embryos  found  in  the 
blood  are  about  one-ninetieth  of  an  inch  long,  and  in  breadth  equal  to 
the  diameter  of  a  red  blood-corpuscle.  The  parasite  is  provided  with 
a  fine  sheath  which  it  does  not  completely  fill,  and  in  which  it  can 
move  backward  and  forward  (Fig.  138).  It  also  exhibits  lashing 
movements,  but  has  no  power  of  travelling  from  place  to  place.  The 
embryos  are  only  found  in  the  blood  during  sleeping  hours,  hence  the 
name  nocturna.  They  appear  gradually  at  about  six  o'clock  in  the 
evening.  At  midnight  they  arc  present  in  greatest  number,  and 
Manson  has  estimated  that  there  mav  be  as  many  as  50,000,000 
present  in  the  blood  of  a  single  individual  at  that  time.  They  then 
gradually  diminish  in  number,  and  by  six  or  seven  o'clock  in  the 
morning  have  completely  disappeared.  During  the  night  some  of  the 
parasites  may  be  removed  from  the  blood  by  mosquitoes.  The  embryos, 
which  thus  reach  the  stomach  of  the  mosquito,  pierce  and  escape  from 
their  sheaths  and  l>ore  their  wav  into  the  thoracic  viscera,  where  thev 
undergo  further  development  (Fig.  140).  On  the  death  of  the 
mosquito  they  fall  with  the  body  of  the  insect  into  drinking  water, 
and  thus  are  conveyed  to  the  stomach  of  man.  Here  they  develop 
into  a  larval  form,  which  escapes  from  the  alimentary  tract  into  the 
lymph-channels  and  there  develops  into  the  adult  form  as  described 
al>ove.  From  this  resting-place  the  female  discharges  her  embryos  into 
the  blood-stream  by  wav  of  the  thoracic  duct. 

Effects. — In  most  instances  of  filariasis  no  effects  are  observed.  In 
a  few  cases,  however,  there  may  l>e  found  associated  with  the  existence 
of  filaria?  in  the  blood  (1)  an  enormous  overgrowth  of  the  skin  and 
subcutaneous  tissue  of  the  lower  extremities,  and  occasionally  of 
other  parts  (elephantiasis  arabum).  In  these  cases  but  few  filariae  can 
be  found  in  the  blood.  According  to  Manson  the  elephantoid  con- 
dition is  due  to  the  premature  discharge  of  the  ova  of  the  filaria. 
These  ova  are  more  than  four  times  the  breadth  of  the  embryos  and 


dmader,  therefore,  than  the  lymph-channels  in  the  glands  through 
which  they  cannot  pass,  am!  in  which,  therefore,  they  are  likely  to 
become  imbedded.     Munsou  suggests  that  these  ova  block  the  lymph* 


.  Seotfiin  llironeh  tlieHifir«eic  muscles  of  ■  mosquito  alioiit 
•week  after  infection  with  Marie.  ]»  (u>  und  (hj  Ihc  rudirueiilury  cinuth  nnii  nil  men  Lory 
tf»ct,  which  are  Timor  A  during  this  stage,  cnu  be  seen.        90.    (From  a  Bpeelnjen  hj  Iir. 

channels  in  the  lymphatic  glands  one  after  another,  until  the  whole 
■nea  drained  by  the  connected  lymphatics  is  engorged  with  lymph. 
'  Overgrowth  of  the  BUperficial  parts  follows.     The  absence  of  embryo* 

'f'tu  the  Mood  in  these  ease-  is  readily  explained  by  the  blocking  of 
the  ohannelfl  through  which  they  would  reach  the  blond-stream. 
(2)  Tii  other  cans  associated  with  the  presence  of  h'lariie,  the  abdomt- 
°**(  renal,  scrotal,  and  pelvic  lymphatics  are  intensely  varicose  and 
kl'ifl  with  chyle,  which  often  finds  its  way  into  the  urine  as  well,  prt>- 
uiir-injr  the  condition  known  as  "  chylnria."  The  chyle  found  in  these 
.  "'imaties  can  only  reach  them  by  regurgitation  from  the  thoracic 
'ju,'t  j  and,  on  at  least  two  occasions,  the  upper  part  of  the  thoracic 
''"'■t  Etta  been  found  blocked.  Mans.ni  has,  therefore,  suggested  that 
""'  Hrst  step  in  the  production  of  chylnria  and  lymph-scrotum  is  the 
Pegging  or  iiifhuiiiiialnrv  iin'!ii>iuii  of  the  thoracic  duct,  and  thitt  the 
ti  lymphatic  pressure  thus  caused  leads  to  a  flow  of  the  chyle 
DOgh  the  pelvic  lymphatics  to  those  on  the  abdominal  wall,  the 
J  "iph  thus  Peaching  the  blood-stream  through  anastomoses  between 
,,e  lymphatics  of  the  upper  limbs  and  those  of  the  lower.  Thus,  the 
r*6Hence  0f  chyle  in  the  pelvic  lymphatics  may  he  accounted  for,  while 
'"'  rupture  of  varicose  lymphatics  thus  produced  suffices  to  explain  the 

Bxiatance  of  the  cbyluria. 

Beveral  otlicr  varieties  of  the  Filnrki  wtiif/uini*  h<miinln  are  described. 
*be  fUaria  diurna  in  its  embryonic  form  closely  resembles  the  imiunui, 
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differing  from  it  only  in  the  time  at  which  it  appears.  The  parental 
form  of  the  F.  diurna  has  not  been  described,  but  Manson  suggests  that 
the  Filaria  loa  may  really  occupy  this  relationship.  The  embryos  are 
not  pathogenic. 

The  Filaria  pergtam  is  a  thinner  and  shorter  embryo  than  those 
before  mentioned  (Fig.  138).  It  has  no  sheath,  possesses  rapid  move- 
ments by  which  it  travels  from  place  to  place,  and  is  never  absent  from 
the  blood  of  an  infected  individual.  The  majority  of  the  natives  on 
the  West  Coast  and  in  the  central  parts  of  Africa  seem  to  be  infected 
with  it 

TREMATODA. 

Several  members  of  this  order  are  on  rare  occasions  found  as  human 
parasites.  Thus,  the  D'tstoma  hepaticum,  or  parasite  of  sheep-rot,  and 
the  Distoma  lajuxolatum  are  occasionally  found  in  the  liver.  The  only 
species  commonly  parasitic  in  man  is,  however,  the  Digtoma  hamatobium 
or  Bilharzia  hceiaatobia.  The  female  has  the  form  of  a  thin  thread  an 
inch  long ;  the  male  is  half  an  inch  long,  of  milk-white  color,  flat, 
and  curved  laterally  so  as  to  be  slightly 
Fro.  141.  concave  on  the  ventral  side(Fig,  141). 

During  sexual  intercourse  the  curve 
increases  so  that  the  opposite  sides  meet 
to  form  a  " gymecophoric  canal"  in 
which  the  female  is  enclosed.  At  the 
anterior  end  of  the  male  there  are  two 
suckers. 

These  parasites,  especially  the  males, 
are  found  in  large  numbers  in  the 
gen itc- urinary  and  mesenteric  veins 
of  infected  persons.  After  impregna- 
tion the  females  are  believed  to  move 
into  the  smallest  vessels  and  there  to 
discharge  their  ova.  In  shape  these 
are  generally  compared  to  a  melon-seed, 
being  pointed  at  one  end  (spike)  and 
enclosed  in  a  transparent  membrane 
(Fig.  138).  Their  contents  often 
appear  segmented,  and  occasionally  the 
different  parts  of  the  future  embryo 
The  smiii  flgure  on  the  lea  snows  ■  can  be  clearly  made  out.  They  very 
traiisverae  section  of  the  two  worms     rapidly    mature    in    pure    water,   the 

»■  jthi.    X  20.    (After  Sandwilh,  from  ■  ■  i  ,  * 

Loots.)  membrane  rupturing  and  setting  tree 

a  somewhat  elongated  embryo  provided 
with  cilia.  The  eggs  do  not  mature,  and  the  embryos  are  never  set 
free,  either  within  the  bloodvessels  or  in  the  urine.  Sometimes  the 
spike  is  placed  on  one  side  of  the  ovum  (Fig.  138),  and  this  arrange- 
ment is  caused  by  immaturity  of  the  female  which  produces  the  egg. 

1  W/in,  an  orifice. 


llithsriia  hsmi 
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The  period  which  may  elapse  between  infection  and  the  appearance 
of  ova  in  the  urine  is  variable,  but  never  less  than  four  months.  The 
parasite  is  chiefly  found  in  Egypt,  Arabia,  and  South  Africa.  The 
exact  method  of  infection  is  unknown.  The  embryos  are  probably 
introduced  with  drinking  water,  though  a  few  authorities  still  main- 
tain that  local  infection  along  the  urethra  may  occur  during  bathing. 
Entrance  through  the  skin  is  not  at  all  improbable. 

The  effects  of  the  parasite  are  to  produce  vesical  and  perineal  pain 
with  dysuria.  Ova  may  be  found  in  the  urine,  which  frequently  con- 
tains blood,  especially  toward  the  end  of  micturition.  The  ova  may 
lead  to  the  formation  of  clots  in  the  bladder,  and  subsequently  to  the 
formation  of  calculi ;  while  in  the  tissues  chronic  inflammation  may 
occur  in  the  neighborhood  of  both  parasites  and  ova. 

PROTOZOA. 

AmoBba  coli  is  the  name  applied  to  a  minute  parasite  (three  to  five 
times  the  diameter  of  a  red  blood-corpuscle)  occasionally  present  in 
healthy  faeces,  and  frequently  in  those  in  dysentery.  It  also  occurs  in 
the  pus  of  liver-abscesses  in  a  large  proportion  of  cases.  By  appropriate 
staining  of  hardened  sections  the  amoeba,  in  suitable  cases,  can  be 
demonstrated  in  the  tissues  constituting  the  floor  of  the  dysenteric  ulcer 
or  the  walls  of  the  liver-abscess.  In  fresh  faeces  and  pus  it  can  be 
detected  with  a  magnifying  power  of  100  to  200  diameters  in  com- 
pressed films  examined  on  the  warm  stage.     The  parasites  are  recog- 

Fio.  142. 
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AoKjebt  coli.    Some  leucocytes  are  nhuwn  between  the  amoebse.    (Modified  from  Ixwch.)    X  320. 

4 

nized  as  colorless,  or  very  faintly  green,  actively  amoeboid  bodies  creeping 
about  by  means  of  rounded  pseudo|xxlia.  Should  the  temperature  of 
the  slide  fall  much  Inflow  blood-heat,  amoeboid  movement  ceases  and  the 
organism  assumes  a  spherical  form,  but  the  amoeboid  movement  is  again 
resumed  on  warming  up  the  slide  a  second  time.  In  certain  instances 
the  spherical  form  persists  at  all  tenifKTaturcs.  In  liver-abscess  the 
amceba  is  most  readily  found  in  the  pus  coming  from  the  drainage-tube 

17 
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some  days  after  operation.  It  is  more  difficult  to  find,  and  may  not 
occur,  in  the  pus  evacuated  at  the  time  of  operation.  The  explanation 
lies  in  the  fact  that  the  habitat  of  the  amoeba  is  the  granulation-tissue 
forming  the  wall  of  the  abscess.  t 

The  amoeba  consists  of  a  grayish,  slightly  granular  central  portion 
— endosarc — in  which  a  nucleus  and  one  or  more  minute  vacuoles  can 
be  detected,  and  a  peripheral  hyaline  portion  from  which  the  pseudo- 
podia  are  mainly  formed — ectosarc  (Fig.  142).  In  many  instances 
blood-corpuscles,  bacteria,  and  debris  of  all  kinds  can  be  seen  included 
in  the  parasite. 

There  is  great  difference  of  opinion  as  to  the  pathological  signifi- 
cance of  the  amoeba.  Some  hold  that  it  is  merely  an  accidental  occur- 
rence, others  that  it  is  the  cause  of  certain  types  of  dysentery — amoeboid 
dysentery — and  of  liver-abscess.  As  yet  the  clinical  and  experimental 
data  do  not  warrant  a  definite  opinion  on  these  points. 

HJEMATOZOON  MA  LARUE. 

Malaria  is  the  name  which  for  many  years  has  been  employed  to 
denote  the  virus  of  a  frequently  fatal  disease,  occurring  principally  in 
tropical  climates,  and  characterized  by  periodic  attacks  of  fever.  When 
these  attacks  recur  daily  the  disease  is  known  as  quotidian  ague ;  when 
on  alternate  days,  as  tertian  ague ;  when  every  third  day,  as  quartan 
ague.  The  periodicity  is  not  always  so  regular  or  so  simple,  nor  are 
the  intervals  so  short,  as  in  these  examples.  When  the  individual  feb- 
rile recurrences  run  into  each  other,  so  that  there  are  no  apyretic  inter- 
vals, but  only  slight  remissions,  the  term  "  remittent  fever  "  is  applied 
to  the  attack.  The  anatomical  changes  met  with  in  the  disease  are 
great  enlargement  of  the  spleen  and  marked  pigmentation  of  many 
parts — e.  g.,  spleen;  liver,  and  brain.  It  is  the  type  of  an  endemic 
diaeafie:  it  is  strictly  limited  to  particular  localities;  that  is  to  say, 
it  can  be  acquired  in  these  localities  only,  although  its  clinical 
manifestations  may  develop  elsewhere.  It  is  never  communicated 
directly  from  person  to  person,  except  by  the  direct  intravenous 
inoculation  of  blood  taken  from  an  individual  in  whose  blood  the 
germ  is  present. 

Lavcran  first  pointed  out  that  if  a  careful  examination  be  made  of 
a  drop  of  blood  taken  from  a  malarial  patient  during,  shortly  before, 
or,  in  certain  types  of  the  disease,  some  time  after,  one  of  these  febrile 
attacks,  certain  characteristic  apj>earances  will  be  found.  These  are : — 
(a)  Circular  or  ring-shaped  amoeboid  disks,  pale  and  apparently  struc- 
tureless, lying  on  or  in  the  red  corpuscles,  and  not  unlike  vacuoles 
(Fig.  143,  2,  3);  (h)  pigmented  anueboid  bodies  occupying  from  a 
sixth  to  almost  the  whole  of  the  affected  corpuscle,  which  usually  con- 
tains only  one  such  body  (4,  5);  (c)  well-defined  rosette-shaped  or 
clustered  bodies,  the  segments  surrounding  or  radiating  from  a  clump 
of  pigment  in  or  about  the  centre  of  the  figure  (7) — these  may  be  free 
in  the  plasma  or  may  be  encircled  by  the  remnant  of  a  red  corpuscle ; 
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(rf)  pigmented  crescentic  bodies  (10,  11);  (e)  flagellated  organisms  and 
free  flagella  (14a,  15) ;  (/)  leucocytes  containing  black  pigment. 

It  is  now  proved  that  the  appearances  seen  in  the  blood-corpuscles 


"fllfe-hlstory  of  malarial  parasite.  The  upper  cirri*  (1-91  shows  the  development  within 
i he  human  body :  the  lower  circle  shows  the  changes  which  occur  within  the  body  of  the 
mwqiiito  (10-22):  I,  blood-corpusclea,  ready  to  be  Infected  by  either  raeroioltes  (HI  or  sporo- 
sottes  (£!) ;  Z-6,  development  of  amiebula  within  blood -corpuscle  ;  7.  S,  division  of  amiebula 
Into  mtroioites,  which  are  finally  set  free  in  tne  blood  i«l ;  1»,  crescentic  body  developed  from 
parasite  within  hi  nod -corpuscle,  after  this  (6)  Isswallowcd  by  mosquito:  1M,  1!*,  mule  and 
female  forms  (crescent*) :  12a-l*t,  development  of  malt  gameloeyte :  lafc-Uft,  development 
oi  female  gametocyle.  ;  14a,  formation  of  Angel]*  or  male  gametes,  lib,  female  gamete  after 
outing  off  polar  body  which  Is  shown  lying  beside  it :  15,  fertilisation  or  conjugation :  Id. 
zygote:  17,  ookinete  or  travelling  vermlcule  ;  l*.  1U.  formation  of  sporoblasts ;  3>,  formation 
of  iporei  or  sporoaolles  ;  21,  discharge  of  spores  Into  body-cavity  of  mos<|ullo :  21,  free  upon 
leaving  salivary  gland  to  enter  human  host. 

represent  different  stage*  in  the  life-history  of  a  parasitic  organism, 
or  rather  of  a  group  of  organisms,  wince  a  different  species*  is  associ- 
ated with  each  of  the  varieties  of  malaria — tertian,  quartan,  ami  ntulig- 
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nant.  These  organisms,  which  belong  to  the  class  of  Sporozoa  (Order, 
Hcemoisporidhi),  go  through  a  cycle  of  changes  within  the  human  hos*t. 
If,  however,  the  infection  is  not  renewed,  they  tend  to  die  out  after  a 
time.  In  order  that  their  vitality  may  be  restored  it  is  necessary  that 
they  should  enter  the  body  of  a  different  animal — the  mosquito — aud 
therein  carry  out  the  process  of  conjugation,  or  union  of  two  individ- 
uals representing  respectively  male  and  female  elements.  Infection  of 
a  second  human  being  or  re-infection  of  the  original  host  is  then  effected 
by  the  bite  of  the  mosquito. 

The  cycles  of  development  undergone  by  the  malarial  parasite  within 
the  human  body  and  in  the  mosquito  are  diagram  matically  represented 
in  Fig.  143. 

Human  Oycle. — If  we  start  at  the  moment  of  infection  by  the  bite 
of  the  mosquito,  we  see  that  a  minute,  rod-shaped  body  (Fig.  143,  22) 
is  conveyed  into  the  human  blood  from  the  insect's  proboscis.  This 
little  rod  or  spore  immediately  proceeds  to  enter  one  of  the  blood- 
corpuscles  of  the  new  host,  and  within  the  coqmscle  it  goes  through 
the  following  series  of  changes.  It  first  enlarges  until  it  may  occupy 
the  greater  part  of  the  corpuscle  (2— f>).  Then  segmentation  takes 
place  :  the  nucleus  first  divides,  and  its  fragments  take  up  positions  at 
the  periphery  of  the  organism  ;  then  divisions  appear  in  the  proto- 
plasmic substance  between  these  daughter-nuclei,  and  the  parasite 
divides  into  segments  (7).  Each  of  these  segments  now  assumes  a 
rounded  form,  so  that  the  blood-corpuscle  contains  a  number  of  small 
round  bodies  (merozoitf*)  (S) ;  and  by  the  death  and  rupture  of  the 
corpuscle  these  are  set  free  in  the  plasma  (9),  the  shrivelled  remains  of 
the  stroma  of  the  corpuscle  being  sometimes  visible  in  the  blood  as  the 
"  brassy  bodies  "  of  the  Italian  writers.  Each  spore  next  proceeds  to 
invade  a  fresh  blood-corpuscle ;  it  there  enlarges  to  adult  size,  and  the 
process  of  segmentation  begins  again. 

It  is  found  that  all  of  the  jKirusitcs  resulting  from  a  single  infection 
enter  on  the  stage  of  sporulation  at  the  same  time,  and  that  the  simul- 
taneous setting- free  of  the  merozoites  into  the  blood-stream  corres]H>nds 
in  point  of  time  with  the  access  of  fever  in  the  patient ;  taking  place 
every  third  day  in  the  wise  of  the  tertian  parasite,  every  fourth  day 
with  the  quartan  parasite,  and  irregularly  with  the  malignant  organism. 
It  must  1)0  assumed  that  on  rupture  of  the  blood-corpuscles  some  poison 
is  lil>eratcd  which  is  capable  of  exciting  pyrexia. 

By  the  destruction  of  the  corpuscles  a  quantity  of  dark  pigment 
is  produced,  and  this  is  set  free  in  the  blood-stream.  Some  of  it  is 
deposited  in  the  spleen  and  liver,  which  become  deeply  pigmented ; 
while  other  granules  are  ingested  by  leucocytes.  Pigmented  leuco- 
cytes are  very  characteristic  of  the  blood  of  malarious  patients,  and 
the  discovery  of  them  may  aid  in  the  diagnosis  of  the  disesise. 

Mosquito  Oycle. — When  a  mosquito,  of  the  genus  Anopheles,  bites  si 
human  being  who  is  the  subject  of  malaria,  it  takes  into  its  stomach 
some  blood-corpuscles  containing  adult  organisms  (6,  10),  These 
proceed  to  develop  on  lines  differing  from  those  pursued  within  the 


UJEMATOZOON  MALARIJE.  261 

human  host.  The  corpuscles  are  dissolved,  and  the  organisms  escape. 
These  take  on  male  aud  female  characters  (ffametocyte*).  In  the  male 
(Fig.  143,  11a)  the  nucleus  divides  into  a  number  of  small  fragments, 
arranged  round  the  periphery  of  the  protoplasm,  and  from  each  of 
these  a  long  protoplasmic  process  or  flagellum  is  extruded  (14a), 
closely  resembling  in  form  and  attributes  a  spermatozoon.  The  flagella 
break  off  from  the  body  of  the  parasite,  and  each  proceeds  to  conjugate 
with  a  female  organism,  just  as  a  spermatozoon  unites  with  an  ovum 
(15).  Meanwhile  the  female  organism  (lib)  has  prepared  for  conju- 
gation by  throwing  off  a  polar  body  and  forming  a  micropyle  for  the 
entrance  of  the  head  of  the  male  element  (14b).  After  conjugation 
has  occurred  the  nuclei  of  the  male  and  female  elements  fuse,  and  the 
resulting  organism  becomes  sharply  pointed  at  one  end.  It  is  now 
called  the  "  travelling  vermicule  "  or  "  ookinete  "  (17),  and  proceeds  to 
burrow  through  the  wall  of  the  mosquito's  stomach  (Fig.  144).  Arrived 
within  the  tissues,  it  undergoes  further 
changes :    fhe    nucleus   divides   into   a  IG' 

number  of  fragments,  and  the  proto- 
plasm becomes  arranged  round  these, 
forming  rounded  masses  or  sporoblasts 
(19).  By  fresh  fragmentation  of  the 
nuclei  and  protoplasm  of  these  s[>oro- 
blasts  a  number  of  rod-shaped  spores  stomach  of  mosquito,  showing  cysts 
are  formed,  all  adherent  at  first  to  a  of  °'alar*Al  organism  in  the  wan. 
remnant  of  the  sporoblast  which  has  not 

divided  (20).  These  spores  are  finally  set  free  in  the  tissues  of  the 
mosquito,  enter  its  salivary  gland,  aud  are  ready  to  be  injected  into  a 
human  host  whenever  the  insect  bites.  When  infection  is  thus  trans- 
mitted the  human  cycle  of  the  parasite  takes  place  as  already  described. 

The  hypothesis  originally  framed  by  Manson  as  to  the  conveyance 
of  the  infection  of  malaria  by  means  of  mosquitoes  has  now  been  fully 
con  finned.  In  India,  Ross  fed  certain  species  of  mosquitoes  on  birds 
in  whose  blood  an  analogous  parasite  was  present,  and,  on  subequently 
causing  these  mosquitoes  to  bite  healthy  birds,  found  that  the  latter 
became  similarly  infected.  Bignami  and  Grassi  obtained  similar  results 
with  human  malaria,  while  Ross  demonstrated  the  existence  of  the 
parasite  within  the  body  of  the  mosquito. 

The  name  Plasmodium  malarur  is  now  confined  to  the  organism  of 
quartan  ague ;  that  of  tertian  ague  l>eing  called  Plasmodium  vivax,  and 
that  of  pernicious  or  sestivo-autumnal  malaria  Laverania  malaria*. 
These  three  species  differ  somewhat  in  apj>earance  and  life-history. 
The  peculiar  crescentic  forms  of  gametocytes  shown  in  Fig.  143  are 
only  met  with  in  the  case  of  Ixiverania,  the  intracorpuscular  stage  of 
which  is  often  ring-shaped.  Plasmodium  vivax  exhibits  very  active 
amoeboid  movements ;  the  other  forms  move  less  rapidly.  Corpuscles 
attacked  by  Plasmodium  malarur  shrink  in  size,  whereas  those  containing 
P.  vivax  become  swollen  and  pale.  In  pernicious  malaria  the  organ- 
isms may  be  found  in  large  numbers  in  the  cerebral  capillaries  which 


262 


PARASITES. 


they  appear  almost  to  block ;  the  severe  symptoms  of  this  form  of  the 
disease  may  be  associated  with  this  localization  of  the  parasites. 

The  administration  of  quinine  is  followed  by  the  disappearance  of 
the  intra-corpuscular  parasites ;  the  crescentic  bodies  are  the  last  to  go. 
Leucocytes  have  been  seen  to  approach  and  touch  corpuscles  containing 
the  parasite,  though  they  never  enclose  any  but  the  extra  corpuscular 
forms. 

Trypanosoma. — These  minute  flagellated  organisms  (Fig.  145)  are 
responsible  for  the  disease  known  as  trypanosomiasis  and  probably 
for  sleeping  sickness  (African  lethargy).  The  parasites  are  worm- 
like in  shape,  and  possess  a  macrouucleus  and  micronucleus.  A 
long  flagellum  with  which  the  organisms  are  provided  is  apparently 
continuous  with  the  micronucleus.  Between  the  flagellum  and  the 
body  of  the  organism  there  extends  a  fine  transparent  membrane 
(undulatory  membrane).     Trypanosomes  multiply  by  fission.     Schau- 

dinn,  however,  finds  that  a  species 
Fro-  145-  resident    in    owls    exhibits    spore- 

formation,  passing  through  stages 
very  similar  to  those  of  the  malarial 
organism.  He  therefore  classifies 
the  trypanosomata  among  the  spo- 
rozoa.  He  further  believes  that  the 
organism  of  relapsing  fever,  hitherto 
regarded  as  a  spirillum — a  vegetable 
organism — is  a  stage  in  the  life  his- 
tory of  a  species  of  trypanosome. 
It  is  uncertain  whether  the  try- 
panosome  discovered  in  patients 
suffering  from  sleeping  sickness  by 
Castellani,  and  considered l  to  be 
the  cause  of  this  disease  by  Bruce 
and  Nabarro,  is  the  same  as  that  found  in  cases  of  trypanosomiasis, 
and  whether  the  latter  malady  is  merely  a  preliminary  stage  of  the 
former.  The  parasite  is  probably  conveyed  to  human  beings  in  the 
case  of  sleeping  sickness  by  the  bite  of  a  species  of  fly,  Glosshia  pal- 
pali*. 

Certain  peculiar  bodies  found  in  the  spleen  of  patients  suffering 
from  a  form  of  fever  endemic  in  India,  and  named  after  their  discov- 
erers "  Leishman-Donovan  bodies,"  are  probably  a  stage  in  the  devel- 
opment of  a  trypanosome.  Some  authorities,  however,  regard  these  as 
a  different  species  of  parasite  (Piroplcutrna). 

The  Organism  of  Small-pox. — Councilman  and  his  assistants  have 
described  in  cases  of  small-pox  peculiar  bodies  which  they  regard  as 
protozoa  and  which  they  believe  to  be  the  cause  of  the  disease.  The 
"  organisms  "  are  described  us  undergoing  a  double  cycle  of  develop- 
ment within  the  human  host.     They  appear  first  in  the  protoplasm  of 

1  A  peculiar  streptococcus  has  been  found  in  patients  suffering  from  sleeping  skk- 
;  it  is  probably  due  to  a  "  terminal "  infection. 


Trypanosoma,  from  a  case  of  sleeping  sick 
ne&s.    (After  Bruce  and  Nabarro.)  X  1800. 
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epithelial  cells  and  there  break  up  into  spores.  These  proceed  to 
invade  the  nuclei  of  the  tissue-cells,  and  to  undergo  a  second  segmen- 
tation. The  nature  of  these  bodies  is  still  uncertain :  they  are  recog- 
nized as  protozoa  (Cytorrhyctes  variola*)  by  Calkins. 

VEGETABLE  PARASITES. 

Fermentation  and  Infective  Disease. — It  has  long  been  thought  that 
the  group  of  acute  specific  diseases  must  have  a  special  cause.  The 
characteristics  of  this  group  are  :  (1)  that  they  occur  in  epidemics ;  (2) 
that  they  are  obviously  contagious  and  infectious ;  (3)  that  each  mem- 
ber is  absolutely  distinct  from  its  fellows,  and  runs  a  typical  course ; 
and  (4) — the  most  important  distinction  of  all — that  the  poison  which 
gives  rise  to  each  of  them  multiplies  in  a  marvellous  manner.  Thus 
the  introduction  into  a  community  of  a  single  case  of  one  of  these  dis- 
eases may  be  followed  by  the  death  of  thousands  from  the  same  malady. 
For  a  long  time  nothing  could  be  discovered  to  account  for  the  appear- 
ance of  these  diseases,  though  they  were  obviously  produced  by  some- 
thing which  multiplied  in  the  patient,  which  clung  about  his  clothing, 
and  which  could  be  carried  through  the  air  for  considerable  distances. 
This  "  something  "  was,  and  still  is,  called  the  "  contagion  "  of  the  dis- 
ease. It  was  at  the  outset  recognized  that  no  gas  could  be  a  sufficient 
cause,  for  diffusion  would  soon  put  an  end  to  its  power  for  mischief. 
A  fluid  was  still  more  out  of  the  question.  Contagion  was,  therefore, 
necessarily  regarded  as  a  solid  in  a  state  of  very  fine  division — par- 
ticulate. This  view  was  confirmed  bv  the  discovery  that  it  could  be 
removed  from  fluids,  both  by  subsidence  (vaccine,  Chauveau)  and  by 
filtration  through  porcelain — the  poison  not  passing  through  the  filter. 
These  facts,  taken  with  its  power  of  multiplication,  seemed  to  show  that 
the  contagion  was  some  living  organism,  hence  the  origin  of  the  conta^ 
gium  vivum  or  germ-theory  of  disease.  In  1840,  Henle  clearly  formu- 
lated the  doctrine  that  living  organisms,  probably  of  a  vegetable  nature, 
were  the  causes  of  the  acute  specific  fevers,  and  supported  the  view  by 
arguments  which  have  withstood  all  endeavors  to  refute  them. 

Long  before  1840,  however,  it  had  been  noticed  that  a  close  parallel 
might  be  drawn  between  an  infective  disease  and  a  fermentation.  It 
may  be  presented  thus  : — 

Infection Addition  of  ferment. 

Incubation Period  during  which  nothing  is  noticed. 

Fever,  outbreak,  and  course  of  disease  Rise  of  temperature,  and  active  fermentation. 

Decline  of  disease Gradual  cessation. 

Period  of  protection  from  same  disease  Addition  of  more  ferment  has  no  effect. 

The  discovery  by  Pasteur  of  the  fact  that  fermentation  is  due  to 
the  action  of  micro-organisms  strengthened  the  evidence  in  favor  of 
a  parasitic  cause  of  infectious  disease. 

The  first  organism  identified  as  the  exciting  agent  of  a  disease  was 
the  bacillus  of  anthrax  or  splenic  fever,  discovered  by  Davaine  (1850). 
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After  this  the  progress  of  discovery  was  rapid ;  bacteria  are  now 
proved  to  be  the  causal  agent?  in  a  large  number  of  infectious  diseases 
— anthrax,  diphtheria,  tetanus,  tuberculosis,  enteric  fever,  plague, 
cholera,  leprosy,  influenza,  Malta  fever,  pneumonia,  gonorrhoea,  erysip- 
elas, and  suppurative  conditions — and  in  many  others  their  causal 
connection  is  highly  probable. 

Proof  of  the  Relation  of  Micro-organisms  to  Disease. — lo  prove 

that  a  micro-organism  is  the  cause  of  a  disease,  it  is  necessary  that  the 
following  conditions  should  be  fulfilled  ("  Koch's  postulates  "  )  : 

1.  That  the  organism  in  question,  as  recognized  by  its  form,  mode 
of  growth,  or  products,  be  found  constantly  associated  with  the  disease, 
at  least  in  its  earlier  stages ;  and  in  sufficient  numbers  to  account  for 
the  symptoms. 

2.  That  "  pure  "  cultivations  of  this  organism  through  several  gen- 
erations l>e  made,  until  it  may  reasonably  be  supposed  that  everything 
which  could  possibly  have  l>een  taken  from  the  animal  that  yielded  the 
virus  has  disappeared. 

.'J.  That  other  susceptible  animals  1k»  inoculated  with  the  cultivated 
organism,  and  that  the  disease  l>e  thus  reproduced. 

4.  That  the  same  organism  l>e  found  in  the  tissues  of  the  success- 
fully inoculated  animals  in  such  numbers  and  with  such  a  distribu- 
tion as  to  account  for  the  disease. 

Sidney  Martin  has  suggested  that  the  chemical  products  of  the 
organism,  obtained  from  the  tissues  of  the  animal  or  person  dead  of 
the  disease,  must  correspond  with  those  obtained  from  culture  of  the 
organism  in  media  resembling  as  nearly  as  possible  in  chemical  compo- 
sition those  tissues  in  which  the  organisms  are  found  in  disease ;  but 
owing  to  the  impossibility  of  ensuring  that  artificial  media  shall  at  all 
closely  resemble  vital  fluids,  it  is  clear  that  it  is  impossible  to  insist 
upon  such  an  identity  of  products. 

The  demonstration  of  a  wr/Mutractrrizal  organism  in  constant  asso- 
ciation with  a  disease  is  now  by  many  taken  as  almost  equivalent  to 
proof  that  it  is  the  cause  of  the  morbid  process,  for  it  Is  in  most  cases 
ini]>ossil)le  to  ex jhtj merit  on  man,  and  frequently  no  animal  can  be 
found  which  suffers  from  the  disease  under  investigation.  In  such 
cases  the  proof  cannot  Ih»  carried  Ixyond  the  first  stage. 

The  vegetable  organisms  which  have  been  found  connected  with 
the  diseases  of  man  (pathogenic)  l>elong  to  the  class  of  Fungi.  The 
parasitic  fungi  are  of  three  kinds — Bacteria  or  Sehizo-mycetes,  Yeasts  or 
/tla*tt>-inifv<irx%  and  Moulds  or  Hypho-uiyniv*.1  The  bacteria  include 
the  causes  of  putrefaction  and  several  of  the  "  fermentations,"  as  well 
as  most  of  the  organisms  which  are  Iwlievcd  to  produce  the  infective 
disease.     They  are,  therefore,  by  far  the  most  important  group. 

1  Greek  <r;riC">  I  aplit ;  J/.aooZt  a  sprout ;  »•?*,  a  thread ;  /*£'«tC,  a  fungus. 
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I.  BACTERIA  OB  SCHIZO-MYOETES. 

Morphology  and  Life-history. — The  Schizo-mycetes  or  Fission- 
fungi  are,  with  very  few  exceptions,  non-nucleated,  unicellular  organ- 
isms which  do  not  contain  chlorophyll.  Many  of  them  approach  the 
limits  of  microscopic  visibility,  whilst  all  are  very  minute,  the  smallest 
diameter  of  a  pathogenic  bacterium  rarely  exceeding  1  p  (^shinr  m')' 
It  is  highly  probable  that  the  causal  agents  of  some  diseases  are  so  minute 
as  to  be  invisible  even  with  the  highest  powers  of  the  microscope.  It 
has  been  proved  that  the  virus  of  certain  infective  diseases  is  capable 
of  passing  through  the  pores  of  a  Chamberland  porcelain  filter. 

Form. — In  form  they  may  be  said  to  follow,  more  or  less  closely, 
one  of  three  types — the  sphere,  the  rod,  and  the  comma.  The  spherical 
bacteria  comprise  those  of  any  shape  between  a  sphere  and  a  cube.  The 
rod-shaped  bacteria  may  be  short  and  thick  with  rounded  ends,  so  as 
closely  to  approach  an  oval ;  or  they  may  be  long  and  thin  with  square 
ends ;  or  they  may  exhibit  any  possible  combination  of  these  features. 
The  commas  in  some  cases  are  long  and  thin,  in  others  short  and  thick  : 
they  differ  also  in  their  degree  of  curvature.  Spiral  and  dumbbell  forms 
are  less  common.  Among  the  higher 
bacteria  more  complex  forms  obtain.  yl(im  hq. 

Long  septate  and  non-septate  filaments 
are  found.  These  may  undergo  false 
branching  or  true  branching  (p.  269). 

Structure. — Bacteria  appear  struct- 
ureless. They  consist  of  a  peculiar 
form  of  protoplasm,  known  as  myco- 
protein,  the  composition  of  which 
varies  in  different  species.  It  is  prob- 
able, from  their  great  resistance  to 
alkalies  and  dilute  acids,  that  bacteria 
possess  a  cell-membrane  formed  of 
some  carbo-hydrate  allied  to  cellulose.  „  ,00(r 

During  the  formation  of  spores,  and  "Biueiuiik-baciiu-suinedbyLoeffler'a 
after  the  action  of  tincture  of  iodine,  method  to  show  flagciia.  x  1000. 

which  stains  and  causes  shrinking  of 

the  protoplasm,  a  fine  membrane  may  bo  actually  seen.  It  is  very 
elastic,  and  seems  to  form  the  inner  layer  of  a  gelatinous  envelope,  by 
more  or  less  of  which  all  bacteria  are  surrounded. 

Color. — Bacteria  refract  light  strongly,  and  cause  turbidity  of  any 
culture-fluid  in  which  considerable  numbers  are  present.  Apart  from 
artificial  staining,  a  mass  of  organisms  is  usually  colorless — />.,  white 
or  grayish.  Some  bacteria  arc  brightly  colored,  red,  blue,  yellow,  etc., 
the  tint  being  mainly  in  the  envelope.  Bacteria  are  stained  with  more 
or  less  facility  by  several  aniline  dyes,  and  many  of  them  may  be 
identified  by  their  special  staining  reactions.  The  substance  of  the 
tncterium  does  not  always  take  the  stain  uniformly  throughout.  This 
irregularity  depends  ou  spore-formation,  on  degenerative  changes,  or  on 
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the  results  of  osmosis.  It  generally  indicates  that  the  organisms  have 
been  reared  under  unfavorable  conditions.  Some  forms  are  stained  brown 
by  iron  salts  in  water.     The  starch  reaction  with  iodine  is  not  rare. 

Movement. — Some  rod-forms  are  motile — e.g.,  B.  typhosus,  B. 
tetani :  some  never  move — e.g.,  B.  anthracis,  B.  tuberculosis.  In  most 
motile  bacteria,  when  specially  stained,  one  or  more  cilia-like  filaments 
or  fiagetia  have  been  found.  These  seem  to  be  connected  not  with  the 
cell-membrane,  but  with  the  protoplasm.  In  some  organisms  one  or 
more  flagella  are  found  at  one  end  only  ;  in  others,  as  in  the  cholera- 
spirilhim,  they  may  grow  from  both  ends  (Fig.  146);  and  in  a  few, 
among  them  the  typhoid-barillas,  they  are  very  fine  and  are  attached 
all  around  (Fig.  147).  By  means  of  these  flagella,  movement  is  prob- 
ably effected.  No  motionless  bacterium  is  provided  with  flagella, 
though  on  a  few  motile  forms  none  has  yet  been  found. 

Some  bacteria  have  a  motile  sfage  and  a  motionless  stage.  In 
these  cases  motility  can  often  be  induced  by  varying  the  medium  and 


Typhoid  bacilli— stained  by  Van  Ennengem'a  method  to  show  flagella. 

the  temperature.  In  some,  motility  occurs  just  before  division;  in 
others,  shortly  afterward. 

Living  bacteria  are  subject  to  attraction  by  certain  substances 
[tihemotuxis,  p.  179).  Thus  typhoid-bacilli  are  attracted  by  potato- 
juice.  A  good  supply  of  oxygen  seems  to  be  necessary  for  the  active 
motion  of  some  forms. 

Reproduction  by  Fission. — All  bacteria  multiply  by  transverse  di- 
vision. In  the  rod-forms  this  occurs  in  a  direction  at  right  angles  to 
the  long  axis.  In  the  spherical  forms  it  may  take  place  in  two  or  in 
three  directions,  at  right  angles  to  each  other.  Thus,  one  cell  may 
divide  by  a  single  act  of  reproduction  into  two,  four,  or  eight  equal  seg- 
ments. If  division  occur  in  two  or  more  jiarallel  planes  before  the 
separation  of  the  segments  takes  place,  the  number  of  these  will  be 
largely  and  proportionately  increased  (Fig.   148,  c).     A  cell,  which 
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divides  in  a  single  plane,  elongates  as  it  divides,  so  that  the  progeny 
retain  the  proportions  of  the  original  parent-cell. 


Fig.  14a 


Diagram  to  show  methods  of  reproduction  by  fissiun.  u,  fission  in  one  direction— the  segments 
lengthening  as  they  divide;  b,  fission  in  two  directions— each  segment  subsequently  divides 
in  the  same  direction  as  in  a;  c,  fission  in  three  directions— in  one  direction  division  takes 
place  in  two  parallel  planes:  d,  fission  in  three  directions. 

The  new  cells  formed  by  fission  may  at  once  sej>arate  from  the 
parent,  or  they  may  for  a  time  remain  united  to  each  other,  end  to  end. 
In  this  way  pairs  or  chains  of  cocci  and  long  filaments  of  rods  are 
formed.  A  mass  of  organisms  lying  side  by  side  in  more  or  less 
spherical  colonies,  and  bound  together  by  a  viscid  substance,  formed 
of  swollen  cell-membrane  or  of  mycoprotein,  is  known  as  a  zoogkea.1 

Fiu.  149. 


Colonies  of  bacteria.    In  this  figure  the  enormous  difference  that  may  exist  between  the  group- 
ing of  one  mass  of  organisms  and  that  of  others  is  shown.    (After  Sternberg.) 

Zodgloefle  often  combine  to  form  constant  characteristic  appearances 
bv  which  the  organism  may  be  recognized,  even  by  the  naked  eye 
(Fig.  149). 

The  time  occupied  in  division  varies  in  different  species  from  ten 
to  thirty  minutes ;  and,  as  the  offspring  proceed  at  once  to  divide  like 
their  parents,  a  single  bacterium  may,  in  twenty-four  hours,  give  rise 
to  more  than  16,000,000. 

1  Greek,  {#jmc,  living;  y?.otat  glue. 
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Reproduction  by  Spores. — Another  method  of  propagation,  »r,  mm 
correctly,  state  of  existence  (rwfa'np  *'";/'],  is  met  with  aniunp  ik- 
fission-fungi — namely,  the  formation  of  epores.  Spore-bearing  iirpo- 
isms  have  been  divided  into  two  groups — endoaporoua  and  artttn 

(1)  The   endtviporotiM   group   consists   of  certain    long    I 
(ditriiii)  and  some  spiral  forms.     The  spore  first  appears  a- a  minute 

point  in  the  cell,  enlarging  rapidly,  and  ofti 

ing  maturity  in  a  few  hours.      It  i»  then  ■  dur, 

round  or  oval,  highly  refracting  body,  which  awni- 

dently  grown  at  the  expense  of  tin-  oell- 

the  latter  gradually  disappear  (Fig.  l&  H 

consists  of  protoplasm   and  fat  enclosed   in  a  firm 

capsule.      It  is  uuiie  exeeptiunal    t ■  ■ 

one  spore  in  a  simrle  segmeni       Sjmri 

resistant    to    unfavorable   surround  in 

parent  ly,    to    the    qualities    of    their    tin.'     i 

membrane.     Spore-formation  onlj  n-       ; 

special    lili-iiis,    ulii.'li    are    generally    m 

altogether  favorable  to  growth  and  muhipliratv"**- 
But  it  can  baldly  be  regarded  as  evidence  of  low- 
ered vitality,  for  Bpore-fonnatJOO  in  anihnix-iao'I'i 
can  be  arrested  by  reducing  the  temperature  <■*»■ 
organisms  below  20°  C.  or  by  hit  rod  mini:  <vr»io 
x  tow.  modifications  into  the  culture-media.     Fis-imi  u»" 

spore- fori  nation  may  go  on  together, 
If  after  long  |ierieids  of  quiescence  spores  arc  placed  in  fiivondJe 
conditions,  germination  takes  place:  their  capsule  bunts  and  is  afcat\ 
they  lose   their   fine   dark   outline,  mid    tlie   new   adult,   (rrgiinlirt)  tew 
grows  out — usually  in  the  direction  of  (he  long  axis  of  the  sport, 

(2)  In  the  orthroaporom  group  no  spores  are  found  within  ttieedhs 
but  certain  cells,  during  tl»-  process  of  division  by  fission,  exUbtlaaa- 
usual    powers  of  resistance,   and    arc,    therefore,    regarded    ■ 
Sometimes  these  urthrospores  an-  larger  than   the  rest   of  the  i«ll*  : 
in  other  instances  no  difference  in  appearance  can  Ik-  made  out 

Some  authorities  hold  that  all  micrococci  and  miemuactenn  U* 
examples  of  tin-  second  variety.  No  distinction  can,  however,  U-iln*n 
between  the  early  and  late  stages  of  cocci,  and  it  is  Utter,  tiieffi*e- 
nut  to  include  spherical  forma  among  spore-bearing  org 

Many  bacteria  are  monomorpfiiv — that  is,  each  individual  orgunism 
from  the  beginning  of  its  existence  to  the  end,  presen  i 
Slight  inequality  in  the  size  and  i'.irui  of  tlie  cell  is  the  only  variant* 
that  such  organisms  present.  Others  are  more  or  lew  pinimorpkit— 
i.e.,  in  their  lite- history,  spores,  rods,  filaments,  and  zooglu.fr  ran  hf 
traced,  « -existent.  >>r  succeeding  each  other. 

Classification. — 1'iilil  recently,  the  possibility  of  the  vnri  i 
bacteria  was    much  discussed.        It  was  considered   bv   sonic 
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that  many  bacteria,  differing  in  shape,  characters  and  pathogenic  effects, 
and  hence  regarded  as  belonging  to  different  species,  were  really  only 
modifications  of  a  single  form.  It  is,  however,  now  generally  agreed 
that  no  kind  of  bacterium,  however  nearly  it  may  resemble  another, 
ever  becomes  converted  into  it;  e.  g.}  the  smegma-bacillus  is  never 
converted  into  the  tubercle-bacillus,  nor  the  Bacillus  coli  into  the  Bacil- 
lus typhosus.  Certain  characteristics  may  be  for  a  time  modified  :  the 
virulence,  as  has  been  pointed  out,  is  liable  to  much  variability  ;  and  the 
capacity  to  form  spores  may  depend  upon  the  temporary  environment. 

Fio.  151.  Fio.  152. 


CUdotbriz  dichotoma,  showing  Streptothrix  actlnomyces,  showing 

false  branching.    X  1000.  true  branching.    X  luoo. 

Notwithstanding  the  general  agreement  on  the  individuality  of  the 
various  forms  of  bacteria,  our  knowledge  is  still  t<M>  limited  to  enable 
us  to  classify  them  with  any  pretence  to  accuracy.  The  simpler  forms 
are  spoken  of  as  (1)  cocci,  (2)  bacilli,  and  (3)  xpirilla — the  classification 
depending  on  their  roughest  morphological  characters.1  The  more 
complex  bacteria,  which  form  the  connecting  link  with  the  higher 
forms  of  fungi,  are  sometimes  classified  according  to  the  structure  of 
the  filaments,  the  appearance  of  the  protoplasm,  and  the  existence  of 
branching.  Thus,  Muir  and  Ritchie  classify  freely  moving  septate 
filaments,  containing  sulphur-granules  as  members  of  the  Beggiatoa 
group ;  similar  filaments,  fixed  at  one  end  and  developing  from  the 

'The  following  terms  are  often  used  to  describe  varieties  of  bacteria : 

( Wei  and  micrococci    .  Spherical  or  nearly  spherical  bacteria. 

Itiplococci Cocci  in  jMiirs. 

Streptococci     ....  Cocci  in  chains. 

Staphylococci  ....  Cocci  in  groups  like  bunches  of  grapes. 

Tetrads Groups  of  four  cocci  produced  bv  imperfect  cleavage. 

Sarcine (/roups  of  eight  or  more  cocci,  similarly  produced. 

Bacillus Straight  rod-shai>cd  organism. 

Spirillum  and  vibrio    .  Curved  rod-shai>cd  organism. 

Spirochaeta Flexible,  corkscrew-shaped  organism. 

Ijeptothrix Long,  un  jointed  thread. 

Zoogkea Group  of  agglutinated  bacteria  of  any  form. 
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other,  as  members  of  the  Thiotrix  group ;  and  filaments  like  thiotrix, 
but  destitute  of  sulphur-granules,  as  members  of  the  Ijeptothrix 
group.  In  the  same  way  filaments  that  bmnch  by  the  lateral  dis- 
placement of  a  cell  undergoing  ordinary  subdivision  as  classified  as 
members  of  the  Cladothrix  group  (Fig.  151),  and  non-septate  filaments, 
undergoing  true  dichotomous  branching,  as  members  of  the  Streptothrix 
group  (Fig.  152).  In  several  instances  groups  of  organisms  closely 
resembling  one  another  are  found  to  exist ;  examples  are  seen  in  the 
various  acid-resisting  organisms  allied  to  the  tubercle-bacillus  (the 
grass-bacillus,  the  smegma-bacillus,  etc.),  in  the  group  of  bacteria 
resembling  the  cholera-vibrio,  and  in  that  containing  the  typhoid- 
bacillus,  the  colon-bacillus,  and  the  paratyphoid  bacillus.  We  do  not 
at  present  know  enough  about  bacteria  to  decide  whether  these  are 
true  genera  and  species.  The  streptothrix  group  above  mentioned 
includes  not  only  the  actinomyces  and  many  organisms  to  which  the 
name  of  streptothrix  is  applied,  but  also  the  tubercle-bacillus  and  its 
congeners,  which  are  found  under  certain  conditions  to  develop  into 
branching  filaments. 

Conditions  of  Life  and  Growth. — There  is  often  a  marked  con- 
trast between  the  conditions  essential  to  the  mere  existence  of  an 
organism  and  those  which  are  necessary  for  its  rapid  growth. 

Food. — Each  variety  of  fungus  seems  to  differ  somewhat  from  all 
others  in  its  food-requirements,  though  all  must  be  supplied  with  the 
materials  whence  they  can  obtain  the  elements  of  which  they  uniformly 
consist.  These  are  carbon,  hydrogen,  nitrogen,  phosphorus,  sulphur, 
calcium,  magnesium,  and  potassium.  The  first  four  are  generally  pro- 
vided by  carbohydrates  and  proteids,  the  rest  by  inorganic  salts  present 
in  animal  and  vegetable  tissues.  In  general  terms,  bacteria  thrive  on 
the  complex  substances  present  in  dead  and  dying  organic  tissues,  con- 
verting them  into  simpler  compounds.  Certain  bacteria,  however,  can 
assimilate  nitrogen  and  carbon  from  much  less  complex  substances 
than  albumin  and  carbohydrates  when  these  are  not  available. 

The  reaction  of  the  fluid  lias  a  marked  influence  on  the  growth  of 
bacteria.  As  a  rule,  acidity  is  unfavorable  to  the  development  of  bac- 
teria, alkalinity  favorable — the  reverse  usually  holding  for  yeasts  and 
moulds.  Very  slight  differences  may  suffice  to  prevent  the  growth  of 
a  bacterium  ;  for  example,  Koch  was  unable  to  produce  any  disease  in 
field-mice  with  an  organism  which  always  produced  fatal  septicaemia  in 
house-mice.  Some  similar  difference  would  seem  to  exist  l>etween  two 
men  exposed  to  the  poison  of  an  infective  disease,  one  of  whom  catches 
it,  whilst  the  other  does  not.  A  very  slight,  practically  imperceptible, 
change  in  the  metabolism  of  the  body  or  of  a  part  may  enable  organ- 
isms to  flourish  there,  even  though  they  were  quite  unable  to  do  so  a 
short  time  before. 

Environment. — Many  chemical  substances  are  inimical  not  only  to 
the  growth  but  also  to  the  very  existence  of  organisms.     It  has  been 
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suggested  that  the  term  "  antiseptic  "  should  be  reserved  for  those  sub- 
stances which  prevent  their  growth  but  which  do  not  cause  their  destruc- 
tion ;  while  those  which  actually  kill  the  germs  should  be  called  "  germi- 
cides." But  the  distinction  is  not  an  absolute  one.  The  difference 
in  many  cases  depends  on  the  degree  of  concentration.  Thus  most 
germicides  can  be  so  diluted  that  they  act  only  as  "  antiseptics,"  though 
the  converse  is  not  equally  true. 

Mercuric  chloride  is,  on  the  whole,  the  most  powerful  chemical  germi- 
cide known.  A  solution  of  1  :  1000  will  kill  any  spores  in  half  an 
hour.  Its  power  is  increased  by  the  addition  of  five  times  as  much  salt 
or  of  hydrochloric  acid,  while  it  is  seriously  diminished  by  the  presence 
of  an  albuminous  fluid,  and  absolutely  destroyed  by  the  addition  of 
alkalies,  and,  therefore,  of  soap. 

A  1  :  20  watery  solution  of  carbolic  acid  rapidly  destroys  fully  devel- 
oped bacteria,  but  takes  a  few  days  to  kill  the  more  resistant  spores. 
The  addition  of  hydrochloric  acid  (half  as  much)  increases  its  germicidal 
value.  On  the  other  hand,  anthrax-spores  have  survived  for  three 
months  at  1  :  20  of  carbolic  acid  in  oil,  and  typhoid  bacilli  have  an 
unexplained  tolerance  for  carbolic  acid.  Formin's  aldehyde  (formalin) 
constitutes  a  very  powerful  volatile  germicide.  Salicylic  acid,  boric 
acid,  sulphur  dioxide,  chlorine,  bromine,  iodine,  and  a  multitude  of 
other  substances  have  a  weaker  action. 

It  will  be  readily  understood  that  the  germicidal  jx)wer  of  any  sub- 
stance must  to  some  extent  depend — (1)  on  the  nature  of  the  organism  ; 
(2)  on  the  vitality  of  the  particular  specimen  in  question ;  (3)  on  any 
physical  conditions  that  may  interfere  with  immediate  contact ;  and  (4) 
on  the  presence  of  any  neutralizing  or  incompatible  substances.  It  must 
be  remembered,  too,  that  the  nipidity  and  extent  of  the  eifect  produced 
on  organisms  separated  by  cultivation  from  all  the  constituents  of  the 
exudations  and  secretions  in  which  thev  are  commonly  found,  as  well  as 
from  other  organisms  that  may  usually  coexist,  is  no  exact  measure  of 
the  effects  that  will  be  produced  when  wounds,  cavities,  surfaces  of  the 
body,  or  excreta  are  concerned.  Neither  must  it  be  forgotten  that  the 
very  substances  which  are  most  efficacious  in  destroying  organisms  are 
generally  those  which  interfere  most  readily  with  the  nutrition  of  the 
tissue-cells. 

Water. — The  presence  of  some  water  is  essential  to  the  development 
of  all  fungi,  for  it  acts  as  the  medium  for  conveying  oxygen  and  food- 
substances  into  the  cell.  It  is  easy  to  add  too  much  or  too  little  for  a 
given  species. 

Desiccation  destroys  some  mature  bacteria  within  a  few  days  or  hours, 
while  others  resist  drying  for  months,  and  spores  of  the  endosporous 
groups  do  so  for  years — it  is  impossible  to  say  how  long.  Thus,  dried 
cholera-spirilla  die  in  three  hours,  whilst  dried  typhoid-bacilli  survive 
nearly  as  many  months,  and  diphtheria-bacilli  longer  still. 

Oxygen. — Pasteur  has  divided  fungi  into  two  varieties — aerobic  and 
anaerobic.  The  presence  of  oxygen  is  essential  to  the  members  of  the 
first  group,  while  it  is  fatal  to  those  of  the  second.     Axpirgillu*  niyvr, 
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IS.  mtJifiliH.  ami  M' ifi i nh  rum  i in  li  are  examples  of  the  first  _ 

tiii-ij  itf-rolie*) ;  the  bacilli  of  tetanus  and  of  malignant  redraw 

the  Hrimil  ittfifiiftifiiri/  iiiiii.rulirn).      By  fur  the  larger  nunilx-r  of 

genie  organisms  are  able  to  live  either  with  or  vrithonl  oxygen — at  la* 

liir  a  considerable  time.      An  Organism  which  thrive-  b 

of  oxygen,  but  which  can  grow  in  it-  absence,  i-  said  to  lie  "  aerobic  and 

capably  anaerobic"  (ftiruitativc  anaerobe*}  ;  anil    via 

of  these  groups  is  the  most  important,  and  includes  the  bacilli  of  an  dim. 

Itibcrcnlosis,  typhoid  liver,  and  diphtlicria. 

Oxygen  under  pressure  may  prevent  the  growth  of,  and,  ifter 
months,  kill,  even  aerobic  organisms.  These  spores,  also,  MCOfdiBg  t« . 
Diiclaux,  retain  their  power  of  germinating  much  longer  than  ifuxypv 
is  excluded  ;  if  tree,  this  may  partly  explain  the  action  of  air  ana  (fa- 
in fcetant. 

Temperature. — Each  organism  flourishes  best  at  a  particular  teiuprr*- 
turc.     All  will  grow,  but  less  actively,  at  temperatures  boowwI 
or  below  tli i^  point.      Now  no  organism  can  become  |iara-itic  unless  Af 
temperature  at  which  it  grows  corrcsjionds  to  that  of  some  jwrt  rf  tl» 
IkkJv  to  which  it  finds  access.     Hence  it  happen*  Unit  alt iHslhootiurbat- 
teria  grow  readily  "i  about  the  temperature  <>j  the  human  body,     Inww 
eases  (ha  range  within  which  growth  is  possible  i.-  very  limited.    Tk» 
the  tubercle-bacillus  only  thrives  al  a  temperature  of  99c  1 
while  its  growth  is  absolutely  confined  within  a  range  of  hi 
to  108°  F.     Fnim  this  it  maybe  inferred  that  this  bacillus  is  I 
to  exist  as  an  external  than  as  an   internal    parasite  ;  and  that,  wh'-n  « 
din's  atl'eet  the  surfiiec,  its  growth  is  likely  to  !»■  slower  and   it 
more  easily  arretted.     Other  organisms,  such  as  those  of  cholera  »w 
typhoid  lever,  can,  in  suitable  media,  grow  at   a   temperature  as  low  » 
(50°  F,      These  can  therefore  easily  multiply  apart  from  the  lowly.   Thf 
general  statement  may  lie  made,  with  regard  to  bacteria,  that  reprdnr- 
lion  ceases  when  the  temjieratLirc  is   reduced  to  40°  F.,  and  in  thee** 
of  many  organisms  at  a  much  higher  point ;  but  they  do  not  neces*ril.r 
die.     Though  rendered  rigid  and  motionless,  some  can  survive  extrnnr 
cold.      The  sporo-l>eariiii;    /.'.   tinthrfwi*  bus  been   frown    in   ■ 
—  1  111"  C  without  injury.     The  maximum  temporal urc  at  which hwUf* 
can  grow  is  in    most    cases   between  I <_M>C    1'".  ami   120      K 
rise  of  loni]M»ratuivt  rigidity  and  death  are  induced — more  easily  in  aw* 
than  in  dry  conditions,  and  much  more  easily  in  (he  adull  ihi 
spore-form.     The  reaction  and  nature  of  the  medium  in  which 
are  heated  have  a  decided  influenei  ,      lulling,  and  inde.ii  a  mm  I     - 
toiiUK-rature  (1111°  F.  |  than    212"  I".,  will    kill    the   great    m 
fungi  ;  but  solutions  containing  spores  may  need  exposure  to  a  temf**' 
lure  of  212°  F.  fi.r  many  hours   More   I  he y  are  oompletcl]      ■ 
Thus  Tvndall  failed  to  sterilize  a  hay-infn.-i..n    by  eight    hours'  l-»ili« 
yim',1*   n.iitiiiiuii'i   npi.rcn    wii>/   '»'   ruiilily   •b-r'ttUrtl   [>'  boiled 

■    i.ii/i/,  mi  Jiiur  'if  jivi     xiirnxxii.    iHi-HKiti,,*    Hi     I 
hnnris,  sinee  [he  spore-  winch  can    re-i-t    the    heat  develop  in   the  ia*f 
vals  into  adull  organisms  which  are  less  resistant. 
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In  like  manner  alternate  freezing  and  thawing  destroy  organisms 
more  rapidly  than  continuous  freezing.  Typhoid-bacilli  succumb  to  this 
treatment  in  a  month,  while  they  resist  continuous  freezing  more  than 
three  times  as  long. 

Some  vegetable  (adult)  forms  have  been  found  which  withstand  tem- 
peratures higher  than  those  named.  Duclaux  found  some  bacilli  (tyrothrix 
in  cheese)  which,  when  suspended  in  slightly  alkaline  fluid,  were  not  de- 
stroyed by  100°  C. ;  but  in  an  acid  medium  were  killed  in  a  minute : 
the  spores  were  not  destroyed  by  1 1 5  °  C.  Other  species  exist,  the  spores 
of  which  have  withstood  a  moist  heat  of  even  130°  C. 

Streaming  steam  has  a  more  powerful  germicidal  action  than  super- 
heated steam.  This  is  probably  due  to  its  greater  degree  of  moisture, 
and  its  consequently  greater  penetrating  power. 

The  dry  spores  of  the  B.  anthracis  and  of  the  B.  subtilis  may  survive 
nearly  three  hours'  exposure  at  140°  C. 

Rest. — Most  fungi  flourish  better  in  a  still  medium  than  in  one  whose 
particles  are  constantly  moving;  whilst  the  B.  anthracis  divides  actively 
in  the  blood-stream,  many  other  kinds  (e.  g.}  Micrococcus  septicus)  seem 
always  to  settle  before  multiplying. 

light. — Light,  especially  bright  sunlight,  has  a  destructive  influence 
on  organisms.  The  rays  from  the  violet  end  of  the  spectrum  are  said  to 
be  the  most  powerful,  those  from  the  red  end  the  least.  All  organisms 
do  not  suffer  equally.  Recorded  experiments  on  this  subject  are  contra- 
dictory. The  contradiction  may  be  due  to  the  difficulty  in  excluding  the 
influence  of  desiccation,  oxidation,  and  changes  in  the  media  in  which 
the  organisms  are  placed.  Combined  with  these,  light  unquestionably 
forms  a  valuable  means  of  disinfection. 

Soil. — Apart  from  their  degree  of  moisture  and  from  the  presence 
of  other  organisms,  the  influence  of  most  soils  on  the  growth  of  patho- 
genic bacteria  does  not  seem  to  be  marked.  Peat,  however,  has  a  dis- 
tinctly destructive  influence  upon  the  organisms  of  cholera  and  typhoid 
fever  (Dempster). 

These  are  the  principal  means  by  which  the  growth  of  organisms  can 
be  modified.  Absence  of  growth  does  not  necessarily  mean  death  of  the 
organism.  If  the  conditions  are  unfavorable  the  cells  will  not  develop, 
but  they  may  not  die.  By  making  a  comparatively  small  change  in 
some  of  the  above  conditions,  the  development,  and  consequently  the 
action,  of  any  given  organism  may  be  prevented.  This  may  often  l>e 
possible  when  it  is  quite  out  of  the  question  to  employ  measures  powerful 
enough  at  once  to  destroy  the  organisms  themselves. 

Distribution  of  Bacteria  in  Nature. — Earth,  air,  or  water  may 
be  the  habitat  of  germs :  these  may  also  exist  in  and  on  the  living 
body. 

(a)  Earth. — The  soil  is  the  principal  storehouse  of  organisms.  Por- 
tions of  mould  taken  from  the  surface  and  dropped  into  a  sterilized 
culture-fluid  invariably  infect  it.  Pyogenic  cocci  and  the  bacilli  of 
tetanus  and  malignant  oedema  are  among  the  forms  usually  found.     In 
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winter  Koch  failed  to  find  any  organisms  at  a  depth  of  one  metre  in  soil 
which  had  not  been  recently  disturbed,  which  was  not  formed  largely  of 
decomposing  material,  and  into  which  no  unusual  amount  of  water  had 
penetrated. 

All  solids  in  contact  with  air,  including  the  surfaces  of  animals,  have 
organisms  upon  them. 

(6)  Air.— Spores  of  moulds  are  the  commonest  forms  of  aerial  bacteria, 
then  Dacilli  and  their  spores,  whilst  putrefactive  organisms  are  compara- 
tively rare.  Organisms  of  some  kind  exist  in  the  air  everywhere  except 
away  from  all  life — in  mountains  above  the  line  of  perpetual  snow,  or 
on  the  ocean  far  removed  from  land  and  ships.  In  such  places  a  steril- 
ized fluid  would  not  decompose,  even  if  left  exjx>sed  till  it  dried.  But 
wherever  life  is  found  germs  are  found.  They  increase  in  number  as  the 
population  grows  and  as  putrescible  material  becomes  more  plentiful. 
Hesse  found  that  the  air  in  a  hospital-ward  in  Berlin  contained  thirty 
times  as  many  bacteria  as  the  air  out  of  doors.  In  some  parts  of  Lon- 
don it  is  possible  to  pour  sterilized  fluids  from  one  flask  into  others  with 
the  result  that  but  a  small  percentage  will  become  turbid  from  the  growth 
of  germs;  in  other  parts  every  flask  will  be  infected.  Precaution? 
against  infection  become  more  necessary  as  density  of  papulation  and 
imperfect  ventilation  increase,  and  it  is  obvious  that  in  the  hospitals  of 
large  towns  such  measures,  to  be  successful,  must  be  most  stringent,  for 
here  putrefactive  organisms  will  be  comparatively  numerous. 

The  air  is  kept  supplied  with  organisms  from  the  surfaces  of  objects 
over  which  it  passes.  The  dust  left  as  the  final  result  of  putrefactive 
processes  is  a  fertile  source  of  contamination.  Perfectly  still  air 
becomes  pure  by  subsidence  of  its  germs. 

(c)  Water. — All  water,  except  such  as  comes  from  a  great  depth 
(Artesian  wells),  contains  organisms.  Rain-water  sweeps  the  air,  and 
infects  the  soil  with  the  germs  which  it  carries  down.  All  surtace- 
water  is  infected  from  the  ground  through  which  it  soaks.  River- water 
is  exposed  to  all  possible  sources  of  pollution.  It  is  scarcely  necessary 
to  add  that,  unless  the  water  contains  sufficient  organic  matter  to  serve 
as  food  for  the  fungi,  no  multiplication  will  take  place,  and  that,  sooner 
or  later,  the  germs  will  die,  though  perhaps  not  for  many  weeks. 
Typhoid-bacilli  in  tnj>- water  rarely  survive  for  more  than  three  weeks. 
The  existence  of  many  organisms  in  a  sample  of  water  points  to  the 
existence  of  much  organic  impurity,  or  to  a  continuous  and  plentiful 
supply  of  organisms. 

(d)  In  and  On  the  Living  Body. — Bacteria  exist  in  large  numbers 
on  the  external  (xkiti)  and  incernal  (bronchial  and  alimentary)  surface*, 
which  are  in  contact  with  air.  On  the  skin  they  are  most  numerous 
on  the  ha  nth — beneath  the  nails,  and  in  the  folds  of  skin  about  the 
nails ;  ami  on  part*  provided  -with  hair  and  large  glands— -c.  </.,  the 
scalp,  axilla,  and  perineum.  Special  care  is  therefore  required  to  dis- 
infect these  parts.  Inhale  1  with  the  breath,  organisms  are  found  in 
the  larger  bronchi ;  but  the  smaller  tulx's  and  alveoli  are  probably  free, 
for  Tyndall  has  shown  that  the  complemental  air  is  pure,  as  it  causey 
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a  non-luminous  gap  in  an  electric  beam  thrown  across  a  dark  room. 
Further  proof  lies  in  the  fact  that  empyemata  communicating  with 
the  air  through  the  lung  generally  remain  free  from  putrefaction,  whilst 
empyemata  following  an  external  wound  of  the  pleura  always  putrefy. 

With  food  and  drink  many  living  germs  are  carried  into  the  alimen- 
tary canal.  All  kinds  of  fungi  swarm  in  the  mouth.  There  are  fewer 
in  the  stomach,  for  the  acid  gastric  juice  is  unfavorable  to  the  develop- 
ment of  most  of  them.  They  become  more  plentiful  in  the  duodenum 
even  before  the  food  has  become  alkaline ;  and  the  food,  when  mixed 
with  the  pancreatic  juice,  swarms  with  organisms.  Indeed,  the  products 
of  normal  pancreatic  digestion  and  those  of  the  ordinary  putrefaction 
of  albuminoids  are  practically  the  same.  Throughout  the  whole  intes- 
tine, but  varying  with  the  products  and  stages  of  digestion,  enormous 
numbers  of  organisms  occur.  In  abnormal  states  of  the  mucous  mem- 
brane, or  in  too  prolonged  retention  of  intestinal  contents,  the  fungi 
may  multiply  and  excite  irritation,  and  even  poisoning,  by  the  products 
of  their  action.  Experience  shows  that  after  death  putrefaction  begins 
in  the  abdomen,  spreading  from  the  alimentary  canal. 

By  obtaining  pure  urine  directly  from  the  urethra,  Lister  showed 
that  a  healthy  urinary  tract  is  free  from  organisms. 

Bacteria  on  the  skin  and  mucous  surfaces  may  fairly  be  regarded  as 
external  to  the  body  proper — i.  e.,  to  the  tissues.  Virulent  organisms 
may  be  found  in  these  situations,  even  in  healthy  persons. 

Organisms  are  found  in  the  tissues  in  many  diseases.  There  are  two 
routes  by  which  organisms  may  reach  the  tissues.  One  is  through  the 
skin,  the  other  through  the  mucous  membranes,  especially  the  respiratory 
and  the  alimentary. 

1.  Skin. — As  a  general  rule,  uninjured  epidermis  is  impervious  to 
organisms ;  and  in  practice  nearly  all  orgaiusms  that  gain  access  by 
this  means  enter  through  wounds  or  slight  abrasions.  Pustules  have, 
however,  been  produced  by  rubbing  into  the  skin  a  pure  culture  of  the 
Staphylococcus  jyyogenes  aureus.  Inoculation  in  these  cases  seems  to 
have  occurred  through  the  walls  of  the  hair-follicles  or  the  sweat-ducts, 
as  it  does  in  the  case  of  acne-pustules. 

2.  Mucous  Membranes. — If  organisms  enter  by  the  skin  it  is  a  fortiori 
likely  that  they  will  also  enter  by  the  mucous  membranes.  To  decide 
this  question  so  far  as  the  respiratory  tract  is  concerned,  animals  were 
placed  in  an  atmosphere  impregnated  with  anthrax-s|K>res.  In  an  ex- 
periment of  Buchner'sy  out  of  sixty-six  animals  thus  treated,  fifty  died 
from  anthrax.  It  is  unlikely  that  the  organisms  were  swallowed  and 
al>sorhcd  through  the  wall  of  the  alimentary  tract  ;  first,  because,  while 
large  numbers  were  found  in  the  lungs,  few  or  none  were  present  in  the 
spleen  ;  and,  secondly,  because  out  of  thirty-three  animals /<v/  on  double 
the  proportion  of  anthrax -sjxjrcs  only  four  succumbed.  These  c.\|ieri- 
ments  not  only  showed  that  in  the  wise  of  anthrax  the  organisms  can  gain 
an  entry  through  both  these  mucous  membranes,  but  also  that  the  entrance 
through  the  respiratory  mucous  membrane  is  the  more  readily  effected. 
In  the  lung  they  are  probably  taken  up  like  carl)on-particles,  carried  to 
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lymphatic  glands,  and  thence  perhaps  to  the  blood.  It  is  difficult  to 
deny  that  in  many  cases  there  may  have  been  some  slight  injury  at  the 
point  of  entry. 

Ordinarily,  as  above  said,  fresh  human  urine  is  sterile ;  but  if  ani- 
mals are  fed  on  putrid  material,  living  organisms  may  be  found  in  the 
urine,  and  in  enteric  fever  virulent  typhoid  bacilli  are  often  present  in 
this  fluid.  Possibly  organisms  are  unable  to  pass  through  healthy 
renal  epithelium,  but  can  escape  by  this  channel  when  the  cells  are 
damaged  by  disease. 

Experiments  have  been  made  to  determine  trheiher  organisms  are 
habitually  present  in  healthy  tissues.  Portions  of  healthy  organs  have 
been  removed  with  aseptic  precautions  and  placed  under  conditions  best 
calculated  to  encourage  the  growth  of  any  organisms  that  might  be 
present,  as  well  as  to  prevent  their  contamination  from  any  extraneous 
source.  Whilst  the  results  have  been  contradictory,  the  balance  of 
evidence  seems  to  be  distinctly  in  favor  of  the  view  that,  as  a  rule,  no 
living  genns  are  to  be  found  in  healthy  tissues.  That  the  blood  may  con- 
tain living  pyogenic  cocci  is  probable  from  the  frequency  with  which 
inflammation  and  abscess  result  from  bruises  occurring  in  depressed 
states  of  the  system  (p.  284),  without  any  break  in  the  continuity  of 
the  epidermis.  If,  however,  cocci  could  ordinarily  obtain  access  to  the 
tissues  by  means  of  the  vessels,  it  would  be  impossible  by  antiseptic 
treatment  (adapted  to  prevent  the  entry  of  living  cocci  from  without) 
to  prevent  suppuration  of  wounds,  for  this  would  occur  from  causes 
reaching  them  from  within. 

Again,  the  rarity  with  which  any  collection  of  putrescible  fluid  in 
the  body  undergoes  putrefaction  (notwithstanding  the  suitability  of  the 
temperature),  and  the  certainty  with  which  by  care  we  can  keep  wounds 
"sweet,"  seems  to  be  strongly  against  the  existence  of  putrefactive 
fungi  in  healthy  tissues.  It  is  certain,  however,  that  if  these  do  gain 
access  they  may  survive  for  some  hours ;  so  that  the  putrefaction  of 
removed  portions  of  tissue,  usually  attributed  to  want  of  care,  may 
sometimes  have  been  due  to  the  presence  of  living  germs  in  those  por- 
tions at  the  time  of  their  removal  from  the  body.  Again,  if  a  suitable 
nidus  be  provided  for  the  development  of  organisms,  they  multiply  and 
set  up  their  characteristic  decomposition.  Thus,  Chauveau  performed 
bistonrnage  of  a  sheep's  testis — /.  e.,  subcutaneous  torsion  of  the  organ 
and  its  main  vessels — in  one  case  before,  and  in  another  after,  the 
injection  of  septic  bacteria  into  the  blood.  In  the  latter  case,  in  which 
the  testis  presumably  contained  imprisoned  organisms,  it  broke  down 
into  a  putrid  fluid,  and  excited  much  inflammation  around.  In  the 
former,  in  which  the  injected  bacteria  were  shut  off  from  the  damaged 
testis,  the  organ  underwent  the  fatty  changes  previously  described  (p. 
35).  This  is  the  invariable  course  when  under  normal  conditions  the 
operation  is  performed  as  a  method  of  castration  :  it  shows  that,  nor- 
mally, organisms  are  not  present  in  the  sheep's  testes. 

Some  organisms,  however,  seem  capable  of  flourishing  in  tissues 
which  are  perfectly  healthy — e.  g.,  the  contagia  of  the  acute  specific 
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I'.'vit-,  and  ill,.  /,'.  unthnifU.  Even  here  there  is  some  very  obscure 
ilittiTcin'c  lietwccn  individuals  nf  the  same  or  of  closely  allied  species, 
fbicib  renders  some  of  them  suitable  media  for  Hie  development  of 
wrbtin  organism-,  whilst  others  are  unsuitable — i.  e.,  more  or  less  pre-  ■ 
ili-|n»iti(Hi  i-  required  even  when  ;i  particular  species  is  liable  to  a 
matt,  Tims,  Bome  people  do  not  appear  capable  of  contracting  the 
acute  i|.ccilic  levels  :  ehiklren  are  more  subject  to  these  diseases  than 
:i'lul[-:  Algerian  sheep  are  immune  to  anthrax  :  young  dogs  are  easily 
iniN.-iiliitetl  with  the  Ji.  anlhnvix,  but  old  ones  are  not.  One  great 
■iit'ii mlty  in  the  experimental  study  of  the  infective  diseases  of  man  is 
bafiod  animals  which  are  subject  to  them.  Many  organisms  will  thrive 
Ottly  in  simie  particular  tissue  or  fluid  of  the:  body  :  thus,  some  multiply 
in  tli"  IiIt-nI,  others  in  lymph,  others  in  the  cerebrospinal  fluid. 

Conclusions. — ■Organisms  in  gnat  variety,  but  in  very  varying  num- 
ber, wi.-i  in  air,  water,  earth,  and  on  all  objects  exposed  to  air,  on  the 
■Kin  and  mi  liaise  mucins  surfaces  which  are  in  contact  with  air. 
'Vsmisms  ■■an  probably  pass  through  the  pulmonary  and  intestinal 
I'Hi'.ii-  membranes  in  small  numbers,  but  the  majority  soon  die  if  the 
tones  are  healthy.  It  is  a  rare  thing  for  such  bacteria  to  reach  the 
WW  alive.  Occasionally,  however,  bacteria  which  can  develop  in  living 
liv-ur-fain  entrance,  and  the  individual  invaded  is  then  in  more  or  less 
danger  of  disease.  Organisms  which  can  thus  injure  the  tissues  and 
ITnluei  diseases  are  termed  fxithogeiik;  The  factors  which  regulate  their 
giwvtli  in  the  tissues  will  be  considered  in  the  next  section. 

In  the  meantime  it  may  be  concluded  that  organisms  found  in  a 
*nmd  have  entered  it  from  without;  that  fungi  found  in  pathological 
levins  within  the  tissues  have  entered  by  a  wound  or  through  a  mucous 
■trace;  ihat  neither  living  organisms  nor  their  spores  exist  normally 
■  the  tissues  ;  and  that  in  health  they  are  never  eliminated  alive  by  an 
hi  or  by  a  wound. 

This  is  of  fundamental  importance  in  surgery.  If  organisms  could 
Wtera  wound  from  the  side  of  the  tissues,  aseptic  treatment  would  be 
impossible.  As  it  is,  we  know  that,  if  no  loophole  is  allowed  for  the 
miry  of  germs  from  without,  wounds  will    remain  free  from  bacterial 

1    patients    will    be  saved   from  pyemia   and   septicaemia. 

'i  "T^ani-iii-  mice  gain   access  to  the  tissues,  it  is  extremely  difficult  to 
"Mldy  the  organisms  without  destroying  the  tissues  as  well  (p.  271). 

Products  of  Bacteria.— The  chemical  products  which  result  from 
to  growth  of  bacteria  are  numerous  and  diverse.  To  a  considerable 
"r'ni  [|m\  varv  according  to  the  conditions  under  which  an  organism 
h  ntoated  ;  that  is  to  say,  upon  the  quantity  and  quality  of  the  nutrient 
""'liiim  npon  which  it  is  living.  The  same  organism  may  thus  produce 
''itfifi'iit  substances  according  to  alterations  in  its  environment.  For 
Maple,  the  cholera-vibrio,  when  grown  in  weak  meat-juice,  produces 
|"|iinrii/inLr  ferment,  but  when  supplied  with  a  stronger  solution  forms 
■i  nhatatk  ferment. 

i  (iir  bum  ledge  of  bacterial  products  is  at  present  very  limited,  and 
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recent  researches  have  tended  rather  to  establish  the  complexity  of  such 
substances  than  to  define  theii-  exact  chemical  ]>ositions.  Any  classifi- 
cation of  them  can,  therefore,  be  only  provisional,  and  is  liable  to  altera- 
.  tion  with  every  advance  of  knowledge  in  this  field.  The  following 
broad  ground  of  division  may  l>c  suggested.  (1)  Bodies  formed  directly 
by  the  organisms  themselves  (primary  products),  analogous  to  the  secre- 
tions of  higher  forms  of  life ;  and  (2)  substances  which  result  from  the 
action  of  the  lmcteria  and  their  secretions  upon  the  medium  in  which 
they  live  (secondary  products).  In  the  former  group  would  fall  the 
ferment*,  which  play  so  important  a  |*irt  in  the  pathogenic  action  of 
micro-organisms,  and  jwrhaps,  in  some  cases,  the  pigment*  with  which 
they  are  colored ;  in  the  latter  probably  should  be  grouped  the  albitr 
mo*e*}  peptone*,  alkaloid*,  acid*,  gone*,  and  pigment*  produced  by  their 
activity. 

In  the  great  majority  of  instances  the  action  of  bacteria  u|K>n  organic 
substances  is  in  the  direction  of  breaking  up  complex  chemical  bodies 
into  simpler  derivatives,  as  is  seen  in  the  putrefactive  decomposition  of 
dead  animals  and  plants — brought  alxnit  very  largely  by  various  species 
of  ProUm* — and  in  the  fermentation  of  sugar,  which,  by  various  kinds  of 
yeast  (*acvharomyvrtr*),  is  converted  into  alcohol  and  carbon  dioxide. 
Some  few  bacteria,  on  the  other  hand,  are  capable  of  forming  more  com- 
plex substances  from  simple  materials.  An  example  of  such  chemical 
synthesis  is  seen  in  the  process  of  nitrification,  in  which  ammonium 
salts  are  oxidized  first  to  nitrites  and  then  to  nitrates  by  different  varieties 
of  organisms.  Other  bacteria  found  on  the  roots  of  leguminous  plants 
have  the  power  of  forming  nitrogenous  compounds  out  of  the  nitrogen 
of  the  air.  It  is  noteworthy  that  the  products  formed  by  micro-organ- 
isms in  the  course  of  their  growth  are  generally,  if  allowed  to  accumulate 
in  any  quantity,  poisonous  to  the  organisms  themselves,  so  that  the 
growth  of  the  latter  is  finally  arrested  in  this  way  automatically.  Thus, 
the  yeast-fungus  will  not  continue  to  grow  in  saccharine  solutions  in 
presence  of  excess  of  the  alcohol  to  which  it  has  given  rise,  and  other 
organisms  similarly  cease  to  multiply  in  artificial  media  before  the 
nutrient  capacities  of  the  latter  are  actually  exhausted. 

The  toxic  bodies  formed  by  most  bacteria  can  be  extracted  from  the 
media  in  which  the  organisms  have  been  grown.  Thus,  the  toxines  of 
tetanus  and  diphtheria  exist  in  a  very  virulent  form  in  filtered  broth- 
cultures  of  these  bacteria  (extra-cellular  toxine*).  On  the  other  hand, 
in  the  case  of  the  1$.  typhosus  and  the  cholera-vibrio  only  feebly  toxic 
substances  can  be  extracted  from  such  cultivations,  whereas  the  bac- 
teria themselves,  if  killed  and  injected  into  animals,  are  highly  poison- 
ous. It  has  therefore  been  inferred  that  the  ]H)isons  of  these  latter 
organisms  art4  integral  j>arts  of  their  lx)dy-suhstance  (intrareUular 
toxine*).  It  is  clear,  however,  that  in  order  to  produce  toxic  effects  the 
|M>isons  must  exist  outside  the  bodies  of  the  organisms,  and  that  this 
must  be  the  case  with  living  as  well  as  with  dead  organisms,  since  it  is 
by  the  living  that  diseases  are  caused.  Hence  the  legitimate  con- 
clusion apj)ears  to  be  that  in  ordinary  media  these  bacteria  produce 
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little  poison,  but  contain  a  certain  amount  in  reserve  within  their  cap- 
sules. When  they  enter  a  living  host  the  environment  is  different,  and 
the  products  of  the  bacteria  differ  accordingly. 

The  different  classes  of  products  must  be  separately  considered. 
(1)  Ferments. — By  a  ferment  is  meant  a  substance  of  which  a  very 
gmall  quantity  is  able,  under  certain  conditions,  to  produce  an  indefi- 
nite amount  of  chemical  change  in  some  other  body.  One  such  con- 
dition appears  to  be  the  sufficiently  rapid  removal  of  the  products  of 
ito  action.  In  the  animal  economy  the  digestive  ferments,  pepsin  and 
trypsin,  are  perhaps  the  best-known  examples  of  this  class.  The  action 
of  these  is  very  closely  imitated  by  certain  substances  formed  by  bac- 
teria. Thus,  a  ferment  produced  by  the  anthrax-bacillus  is  capable  of 
forming  albumoses  and  peptone  in  nutrient  media,  these  products  being 
very  closely  analogous  to  those  formed  by  the  gastric  or  pancreatic 
juice.    The  following  table  shows  this  analogy  more  clearly. 


Tabx*x  Comparing   Action  of  Anthrax  and  Diphtheria   Ferments  with 

those  of  Pepsin  and  Trypsin.    (Martin.) 


Primary  Agent,  or 
Primary  Infective 
Agent. 


YingCelL 


Ting  Cell. 


Ferment  or  Secondary 
Infective  Agent. 


Pepsin. 


Trypsin. 


Bacillus 
anthracis. 


Bacillus 
*3iphtherue. 


A  nthrax-ferment. 


Diphtheria-ferment 
in  membrane. 


Digestive  Products. 


Syntonin. 

{Hetero-albumose. 
Proto-albumose. 
Deutero-albumose. 
Peptone. 


Globuline-like  body. 
Tryptone  (peptone). 
Leucin  and  tyrosin. 
A  bitter  body. 


{ 


Hetero-albumose. 
Albtimose  •(  Proto-albumose. 

Deutero-albumose. 
Peptone. 

Leucin  and  tyrosin. 
Alkaloid  (base). 


I 


Hetero- 
Albumose  1  Proto- 

Deutero- 
Organic  acid. 


in  the  membrane, 
in  the  bod  v. 


*Ihe   liquefaction   of  gelatine,   so   characteristic   of  many    micro- 

0T^ani8ms,  is  also  due  to  the  action  of  a  ferment ;  since,  if  a  small 

<f**Uitity  of  gelatine  thus  liquefied  is  freed  from  bacteria  and  added  to 

*  ftesh  tube  of  gelatine,  the  liquefying  process  is  continued.     The 

^Peptonizing  power  of  pyogenic  cocci  is  likewise  due  to  a  special  ferment 

ttereted  by  them.     It  is  probable  that  the  poisons  formed  by  most 

ptthogenic  bacteria  (toxines)  fall  into  this  group.     It  is  impossible  to 
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separate  them  in  a  pure  state  by  chemical  methods ;  they  are  weak- 
ened by  heat  or  sunlight ;  and  they  require  an  incubation-period  for 
their  action. 

(2)  Albumoses. — It  is  said  that  the  poison  contained  in  snake- venom 
is  an  albumose,  and  similarly  some  of  the  poisonous  products  of  patho- 
genic bacteria  have  been  assigned  to  this  class.  Such,  for  example, 
is  perhaps  the  case  in  diphtheria ;  but  the  exact  nature  of  the  poison 
of  this  disease  is  not  certain.  The  active  principles  of  the  poisonous 
fluid  obtained  from  cultures  of  tubercle-bacilli  (tuberculin)  are  appar- 
ently albumoses.  Other  substances  of  this  class,  such  as  those  formed 
by  the  organisms  of  cholera  and  anthrax,  are  not  apparently  poisonous. 

(3)  Alkaloids. — Bodies  much  resembling  the  vegetable  alkaloids  are 
formea  in  the  growth  of  many  kinds  of  bacteria,  and  are  collectively 
known  as  ptomaines.  Many  of  them  are  poisonous,  and  such  are 
probably  the  toxic  agents  by  which  decomposing  meat  and  vegetables 
give  rise,  when  eaten,  to  symptoms  of  irritant  poisoning  (ptomaine- 
poisoning).  The  resemblances  borne  by  these  bodies  to  the  alkaloids 
derived  from  plants  and  used  as  drugs  or  poisons  causes  them  to  be  of 
considerable  medico-legal  interest,  since  care  is  necessary  to  distinguish, 
in  the  dead  body,  between  substances  formed  in  the  course  of  putre- 
faction and  poisons  administered  during  life.  The  poison  of  the 
cholera-vibrio  is  probably  an  alkaloid. 

(4)  Acids. — The  acid  bodies  formed  by  bacteria  do  not  appear  to 
be  of  much  pathological  importance.  Instances  are  seen  in  the  acetic 
and  butyric  acids  formed  in  different  varieties  of  fermentation.  An 
organic  acid  formed  by  the  diphtheria-bacillus  possesses  slight  toxic 
properties,  and  one  formed  by  the  tubercle-bacillus  is  said  to  be  the 
cause  of  caseation. 

(5)  Gases. — Various  gases  are  formed  in  the  growth  of  different 
organisms,  such  as  hydrogen,  carbon  dioxide,  methan  and  hydrogen 
sulphide.  The  property  of  giving  rise  to  bubbles  of  gas  in  a  solid 
medium,  such  as  gelatine,  is  sometimes  a  useful  test  of  the  nature  of  an 
organism,  the  Bacillus  coli  communis,  for  example,  being  thus  differen- 
tiated from  the  typhoid-bacillus. 

(6)  Pigments. — Many  organisms  in  their  growth  give  rise  to  different 
forms  of  pigment.  This  appears  to  be  situated,  in  some  cases,  in  the 
capsules  of  the  bacteria.  Examples  of  pigment  are  seen  in  the  red 
coloration  of  growths  of  B.  ruber  and  B.  prodigiosus,  the  violet  hue 
of  colonies  of  B.  violaceus,  and  the  yellow  of  Sarcina  flava  and 
Staphylococcus  pyogenes  aureus.  In  most  cases  pigment  is  more 
readily  produced  at  room-temperature  than  at  body-heat.  Potato  is  a 
favorite  nutrient-medium  for  the  display  of  colors.  Pigments  do  not 
in  themselves  appear  to  be  of  any  pathological  importance.  The  pig- 
ment of  B.  pyocyaneus,  which  gives  rise  to  blue  pus,  has  been  isolated 
as  a  body  crystallizing  in  the  form  of  needles,  and  turning  red  on 
addition  of  acids,  like  other  vegetable  blues. 

Under  the  heading  of  pigments  may  be  noticed  the  substance  indol 
— a  chromogen  rather  than  a  true  pigment — which  is  of  some  impoff- 
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ranr-o  in  the  identification  of  certain  tonus  of  bacteria.  It  is  one  of  the 
evil--mt-lling  substances  which  normally  occur  in  fieees,  and  is  pro- 
ilii.-.il  liv  many  different  organisms — the  cholera- vibrio  and  the  15.  ooU 
<-.. minimis  being  well-known  examples.  The  latter  is  distinguished 
i\-i  ■!  ii  I  In-  typhoid  bacilloB  by  this  property  among  others, 

Tate  of  Organisms  in  Living  Tissues.— It  by  no  means  follows 
thnt  pathogenic  organisms,  which  have  actually  entered  the  tissues,  will 
llwnye  multiply  and  give  rise  to  disease.  Just  as  in  the  ease  of  in- 
fed  ive  inflammations,  .so  in  all  other  infective  diseases,  there  arc  two 
faatan  in  tin-  production  of  dinars'- — the  attack  of  the  germs  on  the  one 
l)&ii«l,  and  the  resistance  of  the  tissues  upon  the  other. 

Supposing  the  conditions  to  be  favorable  to  their  growth,  patho- 
genic fungi  differ  much  in  the  course  which  they  pursue.  Some  remain 
uIk-miI  the  Boot  at  which  they  first  settled.  Others,  with  different 
degrees  of  rapidity,  spread  by  continuity  of  tissue.  Others,  again,  are 
carried  along  in  the  lymphatics,  settling  in  them  here  and  there,  or 
lu-^fsini;  on  until  the  nearest  glands  are  reached.  Another  group  enter 
the  circulation  at  once,  and  are  carried  in  the  blood  all  over  the  body, 
Some  species  remain  and  multiply  in  the  blood,  and,  in  translucent 
part*,  may  Ik1  seen  in  the  marginal  stream  in  the  veins  ;  others,  again, 
WJQin  to  be  deposited  from  the  blood  at  some  spot  predisposed  to 
receive  them.  Esca]tc  from  disease  after  exposure  to  infection  is  donbt- 
■Be  often  due  to  the  deposit  of  germs  at  spate  other  than  "weak" 
°nes.  The  spread  of  organisms  in  the  tissues,  like  that  of  an  abscess, 
always  occurs  along  the  lines  of  least  resistance. 

It  is  not  necessary  that  the  organisms  should  enter  the  tissues  at  all 
"i  order  to  produce  disease.  In  diphtheria  the  bacillus  rarely  extends 
'*'>" oiid  the  false  membrane;  this  becomes  simply  a  factory  of  the 
™***iient,  which  is  rapidly  distributed  throughout  the  body,  giving 
ris<--»  in  the  tissues,  to  the  albunioses  already  referred  to.     In  cholera, 


■  ■•le'iian  corpunrle  iai  from  kidney  m  u  cast  ol  BcpLir  etnbullstn,     The  dark  pate! 
I'olnuJex  "  |>rnilur('(l  by  ihn  growth  i>rpyi,|;.iii<-  n.n  nrri'Sluil  in  the  capillary  tuft  la 
-  *iemlt«l  products  "f  the  unfloitsnis  luivc  entirely  i.blite  rated  tin-  normal  character 
L*aaue,  which  ia  crowded  with  leucocyte*.    X  U»- 

**  *^   the  bacillus  is  only  found  in  the  intestine,  while  its  products  are 

r;v  1  *  1 1 1 1  v  absorbed  and  lead  to  the  well-known  symptoms.     It  is  there- 

t"*>-  eh-ir  tliat   the  effects  of  the  action  of  organisms  in  the  body  are 

\t_-r-y  varied.     Sometimes  they   are  strictly  toad.     A  small   mass  of 

"danisms,  by  means  of  its  chemical  products,  excites  an  inflammatory 
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focus  and  exerts  a  [(optimizing,  caustic,  or  other  action  on  the  tissues 
in  which  it  lies  (Fig.  1.53).  The  action  is  limited  to  invasion  of  the 
tissues  near  the  point  of  entry.  Sometimes  the  action  is  less  strictly 
local.  Such  inflammation  is  called  diffuse.  Occasionally  the  mere 
mechanical  plugging  of  the  vessels  may  be  of  importance.  The  accom- 
panying figure  (Fig.  154),  showing  the  bacillus  of  anthrax  in  the  vessels 

Fio.  154. 


of  a  mouse's  lung,  gives  an  idea  of  the  extent  to  which  this  process 
may  be  carried. 

Sometimes,  when  the  organisms  multiply  in  the  blood,  or  discharge 
into  it  the  products  of  their  action,  the  most  marked  effects  are  general. 
These  consist  mainly  of  fever,  wasting,  and  coma,  from  the  action  of 
substances  circulating  in  the  blood,  the  coagulability  of  which  is  some- 
times lessened.  In  others,  again,  in  addition  to  the  strictly  local  and 
general  effect*,  the  circulating  products  attack  s[>ecial  parts — as  in 
diphtheria,  in  which  they  cause  marked  degeneration  of  certain  nerves, 
and  consequent  local  paralyses. 

Reference  must  here  be  made  to  the  conditions  which  influence 
the  two  factors  in  question  (p.  281) — increasing  or  diminishing  the 
power  of  the  organisms,  or  the  resisting  capability  of  the  tissues. 

1.  Arrest  of  an  organism  is  absolutely  necessary  before  it  can  by  its 
metabolism  produce  local  irritation  and  inflammation,  for  if  its  products 
are  poured  into  the  circulating  blood  they  become  too  dilute  to  effect  any 
local  injury.  Thus,  pygenic  cocci  have  frequently  been  found  in  toe 
blood  of  persons  having  no  abscess.  Again,  lymphadenitis  is  much 
commoner  than  lymphangitis,  not  because  the  glands  are  more  accessible 
to  organisms  than  the  vessels,  but  because  the  organisms  are  more  likely 
to  be  arrested  in  the  narrower  and  more  sinuous  channels  of  the  former. 
But  such  arrest  is  not  necessary  for  organisms  which,  like  those  of  septic 
infection  of  mice,  act  by  pouring  into  the  blood  poisons  which  cause  fever 
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and  other  symptoms.     Still,  though  rest  is  only  essential  to  the  multipli- 
cation of  some  organisms,  it  is  advantageous  to  the  growth  of  all. 

Organisms  circulating  in  the  blood  may  In?  arrested  in  one  of  many 
ways.  Of  these  the  commonest  are  embolism,  thrombosis,  extravasation 
of  blood  from  injury,  and  the  migration  and  subsequent  death  of  a  leuco- 
cyte bearing  in  its  interior  one  or  more  living  germs  :.  this  last  will  occur 
most  easily  in  parte  in  which  the  vessels  are  distended  and  the  circulation 
slow  (venous  congestion).  It  is  conceivable  that  a  germ  might  escape 
unaided  from  a  vessel  under  these  circumstances  just  as  a  red  corpuscle 
does,  especially  when  the  influence  of  bacterial  chemotaxis  is  borne  in 
mind.  Numerous  methods  have  been  successfully  devised  to  cause  the 
detention  of  organisms  in  capillaries  through  which  they  could  ordinarily 
pass — such  as  mixing  them  with  sterilized  cinnabar  or  potato-starch. 
It  is  possible  that  the  "  clumping  "  of  cocci  en  route  may  also  lead  to 
plugging  of  vessels,  and  may  explain  the  unusual  sites  of  many  minute 
abscesses  in  pyaemia. 

2.  Predisposition. — Unless  there  is  predisposition  to  suffer  from  the 
products  of  the  organisms  thus  arrested,  their  impaction  in  vessels  may 
not  be  sufficient  to  enable  them  to  excite  inflammation.  Thus,  in  rabbits 
Ribbert  found  numerous  masses  of  pyogenic  cocci  in  the  capillaries  of 
the  lung  and  other  organs  twenty-four  hours  after  their  injection  ;  but 
all  disappeared  in  forty-eight  to  seventy-two  hours  except  in  the  kid- 
neys, where  alone  abscesses  formed.  Rabbits  are  less  prone  than  man 
to  suffer  from  these  organisms :  and  in  them  at  all  events,  and  very 
likely  in  man  also,  the  resistance  of  the  tissues  must  be  diminished  before 
these  particular  organisms  (pyogenic  cocci)  can  excite  inflammation. 
The  resistance  of  the  body  to  the  attacks  of  organisms  is  diminished  by 
general  depression  of  vitality.  This  may  arise  from  privation  and  faulty 
hygienic  surroundings.  Depressed  vitality  is  also  seen  after  severe 
attacks  of  acute  fevers,  and  in  alcoholic,  albuminuric,  and  diabetic 
patients.  Among  these,  trivial  wounds  often  prove  serious,  and  opera- 
tions should,  if  possible,  be  avoided,  as  pyogenic  cocci  easily  gain  access, 
and  cellulitis,  boils,  and  carbuncles  result.  Among  savage  races  and 
animals,  serious  wounds  frequently  heal  by  first  intention.  Local  de- 
pression of  vitality  may  be  brought  about  by  any  kind  of  injury,  and  it 
is  here  that  the  "  simple "  causes  of  inflammation  chiefly  come  in  as 
predisponente,  rendering  the  tissues  more  open  to  the  attack  of  micro- 
organisms. It  has  been  ex  j  crimen  tally  demonstrated  that  anaemia  or 
passive  hyperemia  of  a  part  for  some  hours  enables  septic  cocci  to  settle 
and  excite  a  progressive  inflammation.  Thus  Waterhouse  injected 
staphylococci  subcutaneously  into  his  own  scrotum  with  a  negative 
result.  He  then  constricted  a  portion  of  it,  until  it  was  purple  and 
swollen,  and  made  a  second  similar  injection.  An  abscess  resulted. 
The  effect  of  comparatively  slight  meclianical  injury  in  leading  to  simple 
abscess,  osteomyelitis,  and  tul>ercular  disease  of  joints  has  long  been 
known,  and  it  lias  been  proved  that  such  lesions  act  either  by  simply 
depressing  the  tissues  or  by  causing  extravasation  of  blood,  and  thus 
allowing  germs  which  cannot  grow  in  the  circulating  blood  to  pass  out 
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into  tln>  connective  tissue,  then  to  multi|ily  and  Utoltt 

Ordinary   chemical    irritants   similarly  depress    the   tissues   and   m 

simple  inflammation,  and  Obeyne  points  oat  thai  strong 

septic  cavities    probably  facilitate  (lie  entry  into  ilie  general  circulal 
of  any  organisms  which  the  injections  fail  to  destroy.     Tlic  injur 
effeot  upon  the  tissues  of  great  cold  or  beat  applied  directly  ■ 
needs  no  comment,  and  I-assar's  experiments  (p.  1S4)  boo*  the 
ii|>ou  internal  organs,  of  cold  applied  to  the  RuriaOBi  and  HhmM 
not  yet  known  how  the  cold  acts,  we  may  conclude  thai  il 
tale  the  pas-;e_T  of  organisms  into  tlic  tissues  of  the  |>urtH  vrhii  I 
intcrstitially  intlaiiieil.      It  would  seem,  however,  thai  ]■■■ 

other  orpin  isms  circuhiiiui;  in  the  h] !  ilo  not  i-uii  r  i  \\.- 

and  pass  out  into  (lie  damaged  tissues  during  all  doom  of  the  iufLnnm»- 
tury  process  :   they  do  so   readily  until    the   stage  of  free   einigoilh'ii  OS? 

leucocytes  is  reached,  when — according  to  Rhine's  experiment 
are  do  longer  to  be  found  in  the  vessel- of  the  inflamed  area. 
injected  during  the  formation  of  Bear-tissue  are  said  to  enter  the  \<>--l- 
of  the  damaged  parts  in  excessive  numbers.     Thence  the;  mai 
into  the  tissues,  but  when  the  sear  is  fully  formed  no  such  diffi 
noticeable.     The  explanation  given  of  these  observations  i-  thai  in  th* 
early  stage  of  inflammation  the  tissues  are  weakened  by  tin1  Injur]  «■» 
unable  to  oope  with   invading  organisms,  which  consequently  multiply 
in  them  ;  but  in  a  more  advanced  stage,  when  free  escape  of  k*uui.rM 
is  occurring,  the  damaged  tissue-  arc  inlilirated  by  ;i  swarm  i 
active  cells  ami   by  an   antagonistic   Huid,  liotli    rapid tl 
pyogenic  oocct.     Scar-tissue  again,  in  its  early  vascular  stag.. 
beof  feeble  resisting  power.     <  'hcyne  |Kiints  out  that  m 
and  tubercular  disease  are  often  Induced  by  slight  injuries,  ruth;  bff 
severe,  which  seem  to  excite  too  much  reaction.      Improvement  «f  th* 
general  health  and   the  use  of  bactericidal   serum  (p.  '_'*!»)  uiuy  enable 
tin    ti--ue-elements  to  contend  successfully  against  pathogenic  organUm* 
which  have  invaded  the  tis-ue-. 

3.  The  seat  of  inoculation  and  the  anatomical  arrangement  of  s  pari 
are  of  importance  in   enabling  organisms   to   obtain  a    foothold  B  '*" 
body  in  two  ways.     (1)  Certain   microbes  can  onlj  grow  in  crrtnin  t**- 
met;  thej  are  harmless  unless   they  reach   and   settle  in  the*   d 
(2)  The  physical  characUra  of  a   part    have   much  to  do  in  deternunic*# 
whether  an  organism  will  live  in   it,  mid  what   form  of  iittlnmnutfc^ 
»ull  n suit  from  its  growth.     The  bacillus  of  malignant  oedema  illta** 
trates  Ixiili  these  points.      It  can  grow  nnh  in  connective  tissue;  *li*** 
introduced  into  the  blood,   it   sooner  or   later  dies,   leaving  the  anim** 
protected  against  the  disease  ;  but  if.  whilst  ii  is  circulating,  a  hrui*  ■* 
produced,    the   bacilli    pass   out   with    ll"'    cxtravasatcd   blend 
tissues,  commence    to   grow  and   thus   cause   (he   lesion.-  of  tin 
Again,  inoculation  with  this  organ i-m  :it  the  tip  of  the  tail  in  cal 
little  effect    on  account  of  the    density    anil    coldness  of  the    pi 
intensity    of    the     mllaminaliou    itn-rcase-    as    the    poinl 
appniucbes  the  body,  and  the  reaction  may  also  lie  increased  by  r 
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the  temperature  of  the  more  distal  parts.  Sheep,  which  have  loose 
tissue  in  their  tails,  react  strongly  when  inoculated  even  at  the  very  tip 
of  this  appendage :  the  reaction  is  diminished  by  cooling  the  part. 
Cheyne  showed  that  the  injection  of  a  certain  quantity  of  a  cultivation 
of  the  Proteus  vulgaris  into  the  subcutaneous  tissue  of  the  back  of  a 
rabbit  caused  an  abscess,  but  the  same  quantity  in  the  muscles  of  the 
back  produced  death ;  and,  further,  an  amount  of  the  cultivation,  too 
small  to  have  any  appreciable  effect  in  the  subcutaneous  tissue,  caused 
an  abscess  when  placed  among  the  muscles.  No  explanation  is  as  yet 
forthcoming.  The  limitation  of  acute  infective  osteomyelitis  to  grow- 
ing bones  is  another  example  of  the  influence  of  structure  upon  disease. 
A  last  illustration  of  this  point  may  be  found  in  the  difference  between 
the  behavior  of  the  peritoneum  and  of  connective  tissue  to  pyogenic 
cocci.  Washing  out  the  peritoneum  with  ordinary  unpurified  tap- water 
has  been  practised  without  any  deleterious  effects ;  but  the  result  of 
washing  out  wounds  of  soft  parts,  or  of  bones,  has  been,  on  the  other 
hand,  extremely  unfavorable,  acute  inflammation  often  supervening. 
The  explanation  given  is  that  the  peritoneum  has  great  powers  of  rapid 
absorption,  so  that  even  if  considerable  quantities  of  putrescible  fluids 
be  injected  together  with  septic  organisms  into  its  cavity,  they  will  be 
completely  absorbed,  and  the  organisms  destroyed,  before  putrefaction 
has  time  to  advance  to  a  poisonous  extent ;  but,  if  still  larger  quanti- 
ties be  injected,  putrefaction  will  occur  with  great  rapidity  in  the  unab- 
sorl>ed  fluid,  and  death  from  septic  intoxication  will  result.  It  is  well 
known  that  a  chronically  inflamed  peritoneum  with  a  good  many  scat- 
tered adhesions  stands  injury  better  than  a  normal  membrane,  and  no 
proof  exists  that  the  lymph-flow  from  the  former  is  more  free  than 
from  the  latter.  Possibly  there  are  more  available  phagocytes  in  this 
case. 

4.  The  number  of  organisms  which  gain  entry  to  the  body  at  any  one 
time  is  a  matter  of  great  importance.  At  first  sight,  it  might  appear 
that  the  only  difference  in  the  results  after  the  injection  of  1  and  of 
1 ,000,000  pathogenic  microbes  would  be  the  somewhat  slower  develop- 
ment of  the  disease  in  the  former  case.  It  was,  however,  soon  found 
experimentally  that  this  was  not  so,  except  in  cases  of  animals  strongly 
predisjx)sed  to  suffer  from  the  organism  in  question  ;  and  it  was  then 
understood  that  small  numbers  of  organisms  would  be  destroyed  by 
the  tissues  before  they  could  produce  their  products  in  any  quantity, 
whilst  a  very  large  numl)er  could  not  be  got  rid  of  with  sufficient  speed 
to  prevent  them  from  producing  more  or  less  poison,  and  thus  gaining 
a  greater  or  less  advantage  over  the  tissues.  Upon  this  |>oint  Cheyne's 
own  researches  enable  him  to  enunciate  the  following  laws.  (1)  The 
pathogenic  dose  of  a  virus  varies  inversely  with  the  predisposition  of 
the  animal  to  the  disease  in  question  ;  or,  in  other  words,  the  more 
susceptible  an  animal  is  to  the  disease,  the  smaller  will  be  the  dose  of 
organisms  required  to  produce  it.  (2)  In  animals  not  very  susceptible 
to  a  germ-disease,  the  severity  of  the  disease  varies  directly,  within 
certain  limits,  with  the  dose  :  a  small  dose  produces  no  effect,  the  germs 
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Iwing  rapidly  destroyed  ;  .'i  larger  one  onuses  a  tool]  inflammation,  uV 
organisms  being  hemmed  in  and  destroyed  more  or  less  n|»*^dily  br 

leucocytes;  whilst  a  very  large  dose  oven tee  all   local   until 

the  organisms  penetrating  into  the  circulation,  producing  poisoi 

and  causing  death  iViuii  >.?p)ic  poisoning.     The  dose   D 

duce  any  one  of  the  above  results  cannot  1»  predicted  with  certainly, 

because  predisposition  varies  greatly  even  among  animals  of  the  suae? 

species. 

The  virulence  of  organisms,  that  is,  their  power  of  Btlf-eaidtifnV* 
cation  and  capacity  fur  producing  disease,  may  usually  !»■  iiii'rea-wi 
("exalted")  or  diminished  i"  attenuate!  ")  l.v  -uiiahl.  . 
tUBBi  tlius,  attenuation  may  result  from  cultivating  an  organism  na 
such  a  way  that  long  intervals  elapse  between  the  successive  inoeuba— 
twos ;  or  from  cultivating  it  at  a  temperature  at  which  growth  b  nn 
slow,  or  upon  media  containing  antiseptic-  in  quantity  ti"t  -mi 
inhibit  growth.  It  may  also  be  effected  by  juicing  an  orgnuUra  thnweii 
an  animal  which  is  somewhat  resistant  to  Its  pathogenic  action, asmuM 
c**  of  emall-poz  ;  or  hy  treating  a  culture  with  heated  "  immune  " 
serum  (p.  293),  Exoliaiion  of  virulence  may  !«■  produced  hy  cuhiva- 
tion  through  a  series  of  suitable  animals,  or  by  the  simoltaneoui  iumai 
latinn  of  gome  other  bacteria  or  their  products.  Thus,  aitcniawd 
diphtheria-bacilli    tna\     Ih'    ivndrtvd    virulent     In     iii|< ■-.■■■ 

with  some  Btreptococci,     In  the  ease  of  the  spirilla  of  cholera  it  ■■an  i* 
affected  by  procedures  described  on  p.  28!t.     As  these  proeednm  «■■ 
effect  BUch  important  modifications  in  these  organisms,  il  u  iiidentujart 
the  body  may  have  to  deal  with    them    in   stall's  of  varying  *  il 
the  weaker  the  vims  the  more  of  it  will  be  required  t->  produa    i 
effect,  and   vice  t*rtnt,     The  absence  of  inflammation   from  a  •«■■■■ 
treated  carelessly  or  left  to  nature  may  sometimes  !*•  due  to  da 
ntinii  of  any  organisms  which  may  have  fallen  upon  Et> 

6.  Concurrent   growth   with   other   bacteria   may  either    inermw  •** 
diminish  pathogenic  action,  and  many  fact.*  make  it    probable  that  th* 
presence  of  putrefactive  bacteria  along  with  pyogenic  ooooi  in  a  wciand 
considerably  increases   the  danger  to  the   patient;   for  the   putp 
orpin  isms,  by  their  irritant  products,  destroy  tlie  granuhuion-tiaatwaaaB 
open  up  a  wa%  nf  entry  lor  the  pyogenic  germs.      A  correspond 
vouched  for  by  Cheyne,  is  that  general   tnt>erculosis  i-  much  ounawo^ 
in  caw's  of  joint-disease  complicated  with  itrplif  fflnusn 
which  are  kept  aseptic.      The  presence  of  pyogenic  coed  does  not  f**0' 
io  increase  the  spread  of  tubercular  cavities  in  the  lung,  bul 
tainly  intensify  the  action  of  the  It.  diphtheria       Again,  it  ia  said  lb*1 
so  osteomyelitis,  due  to  u  mixed  infection  of  the  Staph  vtacoccuaaata** 
and  Staphylococcus  albus,  is  of  greater  severity  and  of  worse  p 
than  'i  case  in  which  only  one  of  these  species  is  present.      The  "iim*- 
plications  "  met  with  in    many  infective  diseases — r,  ;/.,  the  aural  nfff" 
I  ion  4  that  iK-eiir  in  enteric  fever,  or  the  ulceration  which  oceun 
throat    in  scarlet  fever— are  probably  due    to    sii-omlai 
pyogenic  organisms  which  are  able    In    establish  themselves  i"  tit*» 
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weakened  by  the  original  disease.  On  the  other  hand,  experiments 
have  shown  that  two  kinds  of  microbe  growing  in  the  body  may  suc- 
cessfully oppose  each  other.  Thus,  if  erysipelas-cocci  be  injected,  both 
under  the  skin  and  into  the  blood,  and  if  a  large  dose  of  anthrax- 
bacilli  be  introduced  twenty-four  hours  afterward,  so  that  a  large  num- 
ber of  cocci  are  present  in  the  general  circulation  at  the  time  of  the 
injection  of  the  anthrax-bacilli,  the  latter  will  all  die  out  in  seventeen 
to  twenty-four  hours,  without  causing  even  local  oedema.  These  two 
organisms  will  grow  together  readily  outside  the  body,  so  it  is  not  clear 
how  their  opposition  in  the  body  is  brought  about. 

7.  Lastly,  it  is  probable  that  local  and  seasonal  conditions  may  act 
upon  pathogenic  organisms  and  thus  account  for  such  peculiarities  of 
disease  iis  endemicity,  or  greater  prevalence  at  certain  times  and  under 
certain  atmospheric  conditions. 

Immunity. — Some  specific  diseases  tend  to  recur  again  and  again  in 
the  same  individual.  Of  these,  diphtheria  and  pneumonia  are  prominent 
examples.  Other  diseases  seem  to  show  a  precisely  opjK>site  tendency. 
To  have  suffered  once  from  one  of  them  is  to  have  secured  almost  cer- 
tain freedom  from  a  second  invasion.  Freedom  thus  ensured  is  known 
as  acquired  immunity.  Persons,  for  example,  who  have  had  small- 
pox are  said  to  be  immune  against  a  second  attack.  It  is  by  no 
means  certain  how  long  such  immunity  lasts ;  and  in  man  there  is  no 
means  of  definitely  ascertaining  its  duration.  Indeed,  there  are  good 
reasons  for  believing  that  pneumonia  is  as  certainly  followed  by  a  period 
of  immunity  as  is  smallpox,  but  that  the  immunity  lasts  a  much  shorter 
time  in  the  former  disease  than  it  does  in  the  latter.  Again,  certain 
diseases  which  are  common  in  some  species  of  animals  are  practically 
unknown  in  others  very  closely  allied  to  them.  Thus,  tuberculosis  is 
common  in  pigs  and  cows,  but  excessively  rare  in  sheep,  goats,  horses, 
and  asses.  Mice  fall  a  ready  prey  to  anthrax,  while  rats  escape  un- 
harmed. Accordingly,  pigs  and  cows  are  said  to  be  suneejAible  to 
tuberculosis ;  while  sheep,  goats,  horses,  and  asses  are,  on  the  contrary, 
said  to  Ikj  immune  against  it.  The  exact  conditions  on  which  this  sus- 
ceptibility or  immunity  depend  are  unknown.  To  distinguish  it  from 
the  acquired  form,  it  is  known  as  natural  or  inherited  immunity.  When 
an  animal  is  only  slightly  susceptible,  it  is  often  termed  refractory. 
Natural  immunity  is  rarely  if  ever  absolute. 

In  human  pathology  there  are  also  many  examples  of  these  peculi- 
arities. Negroes  are  immune  against  yellow  fever ;  white  races  are 
susceptible.  A  nurse  in  a  fever  hospital  may  never  have  had  scarlet 
fever,  and  yet  may  continue  to  resist  all  exposure  to  the  infection.  It 
may  be  that  inherited  immunity  is  due  to  the  handing  down  to  off- 
spring of  that  acquired  by  ancestors.  Thus  races,  among  which  cer- 
tain acute  fevers  (like  measles)  are  common,  suffer  much  less  severely 
than  those  among  whom  the  disease  appears  only  at  very  long  inter- 
vals.    The  complete  immunity  of  the  negro  to  yellow  fever  is  gener- 
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ally  accounted  for  by  supposing  thnt  those  who  could  in  lit) 
l«-t  would,  by  living  longest  and  having  most  children,  bt 
to  hand  on  their  peculiarities  to  the  succeeding  generation 
that  the  degree  of  immunity  thus  gained  would  be  strengthened  by  the 
intermarriage  of  those  already  partly  immune.     But  this  explanatn 
uHi'i-s  nu  arii'ijiiate  reason  tor  the  peenliar  sjH.mdie  immunity  enjoyed  by 
some  individuals,  as  in  the  case  of  the  fever-RUIM  joe)  eit.il.     Owa- 
sionally,  this  sort  of  immunity  is  more  apparent  than  real.      I 
eal  students  paid  almost  daily  visits   to  scarlet  ti-ver  ward.-    '<■ 
months,  and  failed  to  oontract  the  disease  ;  but  late  one  afternoon,  no 
entering  the  wards  much  exhausted  by  severe  exercise  and  ■  E 
hours,  both  took  the  disease  in  a  severe  form,  and  one  died. 

Artificially  acquired  Immunity. — Just  as  an  attack  of  disease  mit 
protect  against  stihscqiient  infection,  so  artificial  inoculation  wH 
genie  bacteria  may   produce   immunity.     Three    forms  of  preveBBn 
inoculation   have  been  employed  to  seeure  this   result,  or  to  arr>*t  ti« 
development  of  contagia  that  have  already  reached  the  tissues. 

1.  Inoculation  with  attenuated  organisms  or  with  their  dead  buh» 

2.  Inoculation  with  the  chemical  products  of  the  Off  i 

3.  Inoculation  with  serum  obtained  from  an  animal  that  hat  hm 
treated  by  one  of  the  two  preceding  methods, 

The  first   two  of  these  comprise  what  is  known  as  artm  wiit*l 
immunity  :  the  third,  pawtM  or  mdirtct  immunity. 

1.  It  has  !>ecn  well  known  since  the  sixth  century  thai  the  arliftcai 
inoculation  of  smallpox  producer,  on  the  one  hand,  a  mild  form  of  tbr 
disease,  and,  on  the  other,  confers  uj«m  its  subject  immunin 
second  attack.  In  one  country  after  another  it  lias  for  a  time  beat  ii* 
custom  to  practise  inoculation  to  ensure  this  result  It  ha*  aUi  Uf. 
been  recognized  that  epidemics  vary  in  severity,  ami  that  mild  altade 
and  severe  attacks  are  equally  efticacious  in  securing  immunity. 

Pasteur  was  the  first  to  pi  aw  preventive  inoculation  on  a  sriefltib 
Imsis.     He  demonstrated  that   the   virulence  of  some  contagia  can  l» 
varied  by  exj>erimcnuil  procedure*.     In  the  case  ofchicki  n ■■■ 
showed    that    by  exposing  cultures  of  the   bacillus  to  the  air  for  Imf 
periods  its  virulence  IxH-aine  so  reduei.-d  that  inoculation  of  the  weaken*! 
■  >r<itt'-iiiititert  organisms  gave  rise  to  a  comparatively  milddisordi 
however,   sufficed    to   secure    immunity    against    subsequent    aturk 
Other  observers  have  since  shown  that  the  virulence  of  many  i*b* 
organisms  wui  also  lie  modified  (p.  28ti),  and  lliat  the  organic 
kept  in  their  attenuated  condition   through  several  cnlti\  :it i- ■■ 
then-  seems  <••  be  a  general  tendency  tor  them  to  return  to  theil 
degree  of  virulence.      The  attenuation   is  generally  effected    :. 
two  methods, 

(a)  A   series  of  animals    is  experimentally   selected,    genernllv  <■ 
account  of  their  -light   susceptibility  to  the  disease  in  question.    So?" 

evasive  inoculations  are  then  made  from  one  to  a her.  until  it  w  foe** 

ili:. i  the  desired  degree  of  attenuation   has  been    reached,      {ii}  CtthaW 
of  ordinary  virulence  are  exposed  to  the  air,  or  to  an  increased  tetHpf- 
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ature  only  slightly  below  the  fatal  limit,  or  to  the  action  of  small  doses 
of  various  antiseptics.  Pasteur's  treatment  of  persons  bitten  by  rabid 
animals  is  the  best  known  illustration  of  this  method,  though  no 
hydrophobia-organism  has  yet  been  discovered.  By  a  series  of  successive 
inoculations,  a  special  virus  is  prepared  which  is  known  to  have — when 
injected  into  rabbits — a  constant  incubation  period  of  six  days.  Rabbits 
are  inoculated  with  this  virus,  and  their  spinal  cords  are  subsequently 
dried  very  gradually  in  the  presence  of  caustic  potash.  The  longer  the 
drying  is  continued,  the  weaker  the  virus  becomes.  If  an  emulsion  of 
a  cord,  that  has  been  dried  for  six  days,  be  made,  and  inoculated  upon 
rabbits,  it  entirely  fails  to  produce  the  disease.  Pasteur's  method  is  to 
give  ten  injections,  extending  over  four  days,  according  to  the  following 
table: 

First  injection,  1st  day,  emulsion  of  cord  dried  ten  days. 
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After  three  days  a  few  more  injections  are  given  daily,  and  the 
process  is  complete.  Statistics  are  strongly  in  favor  of  the  efficacy  of 
the  method.  There  is  generally  plenty  of  time  to  carry  it  out,  as  the 
incubation-j>criod  of  hydrophobia  in  man  is  never  less  than  twelve 
days,  and  usually  about  six  weeks.  This  treatment,  although  it  is 
Applicable  after  the  bite  of  a  rabid  animal,  is  in  reality  prophylactic  and 
Dot  curative,  since  it  fails  if  symptoms  of  the  disease  have  actually 
occurred.  HafFkine's  vaccination  against  cholera  affords  another  illus- 
tration of  this  method.  He  employs  two  vaccines.  One  is  made  from 
*&  attenuated  virus,  the  other  from  an  exalted  virus.  The  attenuated 
virus  is  prepared  by  cultivating  the  cholera-spirilla  in  aerated  media  at 
?  temperature  of  39°  C.  (102.2°  F.).  The  exalted  virus  is  prepared 
to  the  following  manner :  A  pure  culture  of  the  organism  is  introduced 
tot©  the  peritoneal  cavity  of  a  guinea-pig.  Death  follows  in  twenty- 
fitor  hours.  The  peritoneal  fluid  is  immediately  removed  and  another 
guinea-pig  similarly  inoculated.  This  process  is  continued  through  a 
^ries  of  animals  until  the  interval  between  inoculation  and  death  falls 
to  its  lowest  limit.  Persons  to  be  protected  are  vaccinated  two  or  three 
times.  On  the  first  two  occasions  the  attenuated  virus  is  used  ;  on  the 
Jtort,  three  to  five  days  afterward,  the  exalted  virus.  The  vaccination 
18  supposed  to  produce  a  sufficient  tolerance  to  the  cholera-poison  to 
*Bable  the  bodv  to  "  react "  more  vigorouslv  when  attacked  in  the 
ordinary  way.  Sometimes  the  living  cultures  are  used,  but  more  often 
the  vaccine  is  sterilized  by  the  addition  of  carbolic  acid.  Prepared 
ftug  the  fluid  can  be  more  easily  preserved,  and  can  be  introduced  with 
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less  risk,  but,  as  in  other  cases,  the  results  are  neither  so  certain  nor 
so  prolonged. 

Preventive  inoculation  has  now  been  tried  not  only  in  the  case  of 
small-pox,  cholera,  and  hydrophobia,  but  also  against  enteric  fever  and 
plague  in  the  case  of  man,  and  against  anthrax  and  many  other  diseases 
in  animals.  In  mankind  the  results  are  still  disputed  in  all  but  small- 
pox, but  the  evidence  is  in  favor  of  some  measure  of  protection  being 
conferred  in  all  the  cases  mentioned.  The  immediate  result  of  inocu- 
lation has  been  shown  by  Wright  to  be  a  fall  in  resistance  to  the  dis- 
ease {negative  phase) ;  but  this  passes  off  in  the  course  of  a  few  weeks, 
and  a  greater  or  less  degree  of  immunity  is  effected. 

2.  In  the  case  of  those  diseases  in  which  highly  toxic  substances 
are  formed  in  culture-media,  injection  of  these  toxines  will  produce 
immunity  to  the  disease.  Animals  may  thus  be  immunized  against 
diphtheria  and  tetanus.  The  organisms  can  be  removed  by  filtering  fluid 
cultures  through  porcelain  ;  or  they  may  be  killed  by  the  action  of 
heat,  or  of  some  volatile  antiseptic,  such  as  oil  of  mustard,  which  can 
be  subsequently  removed.  Sometimes  the  full  degree  of  immunity 
attainable  is  reached  after  two  or  three  injections,  but  in  other  diseases 
and  other  animals  the  injections  have  to  be  repeated  every  two  or  three 
days  for  several  weeks  or  even  months. 

3.  These  results  led  Behring  in  1890  to  examine  the  serum  of 
animals  thus  immunized,  and  since  that  time  many  observers  have 
followed  in  his  footsteps.  In  the  case  of  tetanus,  the  serum  of  im- 
munized rabbits  was  used,  and  three  very  remarkable  results  were 
established.     It  was  found  that : 

(1)  Repeated  injections  of  this  serum  will  render  mice,  which  are 
particularly  susceptible  to  the  disease,  absolutely  immune. 

(2)  The  addition  of  the  serum  to  living  or  to  sterilized  cultures  of 
the  bacillus  will  completely  destroy  the  pathogenic  power  of  each. 

(3)  The  injection  of  the  serum  into  animals  already  suffering  from 
tetanus  will  not  infrequently  lead  to  absolute  recover)'. 

Furthermore,  it  was  found  that,  while  the  ordinary  serum  of  a 
naturally  immune  animal  possessed  none  of  these  properties,  they  could 
be  developed  by  a  series  of  similar  inoculations. 

This  method,  when  applied  to  the  treatment  of  disease  already  con- 
tracted, is  known  as  xerum-therupeuties,  or  treatment  by  a?lM-toxin.  It 
is  employed  in  tetanus  and  in  diphtheria.  The  different  stages  com- 
prising the  whole  process  vary  somewhat.  In  the  case  of  diphtheria, 
the  procedure  adopted  is,  according  to  one  method,  as  follows  : 

(1)  A  pure  culture  of  the  Bacillus  dipktherice  (Loeffler)  is  made  in 
some  medium  giving  a  toxine  of  the  greatest  virulence. 

(2)  The  organisms  are  removed  by  filtration  through  porcelain. 

(3)  The  toxine  thus  obtained  is  injected  into  the  subcutaneous  tissue 
of  a  horse  in  small  quantities,  two  or  three  times  a  week,  until  no  reac- 
tion follows.  Later  injections  are  made  into  the  jugular  vein.  This 
period  extends  over  from  one  to  three  months. 
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(4)  Soma  of  the  blood  is  then  withdrawn,  mid  the  serum  is  sepa- 
niidl,  sterilised,  and  Btored  for  subsequent  use. 

("i)  When  reqaired  for  the  treatment  of  diphtheria,  a  dose  is  in- 
ji-cied  under  the  skin  or  into  a  vein.  Additional  doses  may  be  neces- 
sary. 

The  strength  of  the  antitoxic  serum  is  estimated  by  its  capacity 
fur  neutralizing  the  toxincs,  bo  that  it"  the  two  are  mixed  and  injected 
together  no  injurious  effect  of  any  kind  will  result.  The  "  immunity 
unit"  is  general! v  taken  aw  one  hundred  limes  the  amount  required  to 
Mobilise  the  minimum  fatal  dose  for  a  guinea-pig  weighing  250 
puomes.  In  human  diphtheria  a  dose  of  1500  to  5000  units  is  gen- 
erally employed  ;  but  much  larger  amounts  are  not  infrequently  given. 
A  much  smaller  dose  is  capable  of  acting   as   a  prophylactic   against 

tSfcoOtl. 

Ail  attempt  has  been  made  to  treat  tuberculosis  by  means  of  injee- 
nf  the  toxines  formed  by  the  B.  tuberculosis,  with  a  view  to  rais- 
rcsistance  offered  by  the  tissues  of  the  patient  to  the  growth 
organisms.  Koch  prepared  a  sterilized  extract  of  the  products 
the  bacillus,  which  was  known  as  "tuberculin."  This,  when 
injected,  produces  an  inflammatory  reaction  around  the  diseased  foci, 
*s  a  result  of  which  the  infected  portions  of  tissue  may  be  cast  off. 
1  p  in  the  present  time  attempts  to  discover  an  ant.itoxine  analogous 
1,1  that  just  described  in  connection  with  diphtheria  have  been  unsuc- 

Ii'  animals  are  immunized  by  injecting  them  with  the  dead  bodies 
of  bacteria,  or  with  increasing  doses  of  living  cultures,  their  serum 
■tonka  the  property  of  killing  and  dissolving  the  organisms  in 
question,  but  is  not  capable  of  neutralizing  their  toxines;  in  other 
"wis,  it  is  bivteriri'l'il,  wt  (iiililoric.  Use  has  been  made  of  bacteri- 
cidal serums  for  the  treatment  of  disease  (antityphoid,  antistrepto- 
imvic) ;  but  so  far  the  results  obtained  have  not  been  very  satisfactory. 

Nature  of  Immunity. — Since  bacteria,  in  order  to  produce  disease, 
"lust  live  in  the  tissues  and  there  manufacture  poisons  which  are  ea- 
pjble  of  acting  injuriously  upon  the  cells  of  the  body,  it  is  evident  that 
r,1-i-t;iii[v  tn  disease  may  1>e  effected  in  any  one  of  three  ways.  The 
'""I1  may  1 1 )  keep  out  the  bacteria  by  mechanical  means,  so  that  they 

•U i  enter  the  (issues ;  or  (2)  it  may  destroy  them  as  soon  as  they 

Wer;  ,ii-  (:;)  it  may  neutralize  the  poisons  which  they  produce,  and 
■to  render  them  innocuous.  All  these  methods  of  resistance  are 
Rnployed  in  different  cases. 

1)  We  have  already  seen  that  bacteria  cannot,  as  a  rule,  pass 
""■"ugli  the  healthy  skin  or  mucous  membranes,  which  thus  consti- 
lm<  the  Hrst  line  of  defence.  The  alimentary  tract  is  further  pro- 
•wtod  hv  the  acidity  of  the  gastric  juice,  which  hinders  the  growth  of 
Iwtcria.  If  they  do  cuter  by  these  routes,  by  means  of  slight  wounds, 
"'  i'v  rlu    help  of  leucocytes  which  swallow  them   alive  and  then  die 

i  disgorge   them  within  the  tissues,  other  means  of  opposing  them 

m  needed. 
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(2)  Bacteriolyria. — The  first  serious  attempt  to  explain  tbe  na 
by  which  destruction  of  bacteria  within  the  body  is  brought  ib 
wa»  made  by  Metachnikoff,  who  by  many  careful  experiments  ends 
ored  to  nhow  that  the  white  blood-corpuscles  are  the  agents  bv  wl 
bacteria  are  destroyed.  Allusion  has  already  been  made  to  this  hypo 
eais  (phagaeyttoiui).  It  undoubtedly  contains  a  large  element  of  tni 
In  the  case  of  many  micro-organisms  the  leucocytes,  assisted  by  c 
tain  chemical  substances,  ingest  and  destroy  the  invaders ;  and 
other  infections  the  leucocytes  have  l)ccn  shown  to  contain  within  tfai 
the  substances  necessary  lor  the  destruction  of  bacteria ;  but  it  i 
shown  that  this  destruction  might  occur  also  in  blood-serum  fromwti 


I'Uimni  i!!ii>irmina  I'hvnomi-iiL irf  tivmorj-ili. 

all  cellular  elements  had  been  removed,  and  it  was  thus  proved* 
phagocytosis  does  not  constitute  the  only  means  of  ridding  the  W 
of  parasites.  The  fluids  by  themselves  an-  capable  of  killing  tad* 
solving  many  kinds  of  bacteria.  Kei-cnt  experiments  have  thn* 
light  upon  the  complicated  process  by  which  this  is  effected. 

It  «as  proved  experimentally  that  by  injecting  animals  with* 

*  Kiev  1"»  I",  ami  l-'ift,  War*  taken,  hv  kiiwl  pennMtcfl  of  Mmn  um| 
lo,  tin'  I'lilili-lh-rs,  fiwn  the  prwni  writers"  h*><k  mi  "Scrums,  Yareine*,  tnA  Tot 
in  Trr.iO.n-iil  ami  I  Hamuli*"  ,  1 WM  .  in  nhi.-h  a  fuller  account  ugirta  of  the  I**"* 


and  gradually  increasing  quantities  of  a  pathogenic  organism,  it  was 
possible  to  render  them  resistant  to  considerable  quantities  of  such  a 
parasite.     In  the  case  of  the  spirilla  of  cholera,  Pfeifter  showed  that  if 


i  by  the  above 


a  guinea-pig  were  rendered  resistant  to  these  organi 
means,  spirilla  injected  into  its  peritoneal 
cavity  were  rapidly  killed  and  dissolved. 
If  some  of  the  peritoneal  fluid  from  such 
an  "  immunized  "  guinea-pig  were  added 
to  a  culture  of  cholera  spirilla  in  a  test- 
tube,  the  same  process  of  destruction 
occurred.  If  the  peritoneal  exudate  were 
heated  to  68°  C,  it  lost  its  bactericidal 
power;  but  if  to  a  mixture  of  cholera 
organisms  aud  heated  peritoneal  fluid  a 
little  fresh  fluid  from  a  guinea-pig  which 
was  not  immune  to  cholera  (whose  peri- 
toneal fluid  was  therefore  by  itself  inert 
toward  the  germs)  were  added,  then  solu- 
tion of  the  bacteria  once  more  took  place. 
By  these  experiments  it  is  shown  that 
two  separate  bodies  take  part  in  the 
destruction  of  the  germs— one  which  is 
present  in  the  guinea-pig  before  it  is 
immunized,  and  which  is  destroyed  by 
beat,  called  the  alexin;  and  another 
which  is  produced  in  the  immunized 
animal  and  which  is  resistant  to  heat, 
called  the  copula.1 

It  is  not  only  bacteria  which  are  de- 
stroyed by  such  means  within  the  animal 
body  :  exactly  the  same  process  occurs  if 
blood-corpuscles  from  one  species  of  animal  are  injected  iuto  an  animal 
of  another  species  {htcmolyult),  or  if  cells  obtained  by  macerating  the  tis- 
sues of  one  species  of  animal  are  injected  into  the  circulation  of  another 
{cytotynk).  In  each  case  destruction  of  the  foreign  material  is  effected 
by  means  of  the  interaction  of  two  bodies,  as  just  described.  The 
accompanying  illustrations  will  perhaps  make  the  nature  of  the  process 
more  easily  intelligible,  taking  the  case- of  blood-corptiscles  as  the 
simplest  (Figs.  155-157),  the  "immune"  serum  being  prepared  by 
injecting  fowl's  blood  into  a  rabbit.  By  mentally  substituting,  in  the 
above  figures,  bacteria  or  cells  for  the  blood-corpuscles,  the  processes 
of  bacteriolysis  and  cytolysis  will  be  readily  understood. 

The  complicated  nature  of  the  process  of  bac tenolysis  may  explain 
the  comparative  failure  of  bactericidal  serums  as  a  means  of  treatment. 
The  alexin  is  an  unstable  body,  and  rapidly  disappears  from  drawn 

1  Different  nunc*  hire  been  applied  by  (iifli'ret 
Tb.ua,  the  alai*  a  also  known  u  the  tompiemenl  < 


No  solution 

uf        :  ;■:!-.  I.  ■. 

Diagram  II I  u«l  rating 

or  hamolrMi, 
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scrum.  If  such  serum  from  an  animal  be  injected  into  a  patient, ' 
copula  remaining  may  be  unable  to  unite  tbe  alexin  of  human  bb 
to  tbe  bacteria  causing  the  disease,  and  no  curative  effect  will  be  p 
ciuccd.  Further,  it  is  found  that  a  single  species  of  bacterium  rt 
contain  different  strains  or  varieties;  and  a  serum  prepared  aguiusn 
variety  is  often  ineffectual  against  another.  For  this  reason  alien 
have  been  made  to  prepare  serums  by  injecting  several  diffen 
strains  of  an  organism  (streptococci,  typhoid  bacilli)  into  an  uim 
Such  serums  are  called  "  polyvalent." 


heated  to  00"  CI 


IMa^run  of  lutniul  ynia. 

Ill  some  cases  the  scrum  of  auimals  immune  to  a  puttw1 
bacterium  is  found  not  to  have  any  bacteriolytic  jwwer ;  it  pw*** 
instead  the  pro|»erty  of  enabling  the  leucocytes  to  attack  and  dip 
the  bacteria.  This  peculiarity  is  seen  in  the  case  of  poeumooa " 
relapsing  fever,  and  probably  exists  19  the  case  of  infection  with  B*1 
of  live  common  infective  organism*  ijAi/tAyAjroeri,  B.  tiibm-ulon*,  tft- 
To  the  siiltstaiices  which  are  formed  in  immunised  animals  and  V 
attract  the  leucocytes,  to  attack  the  bacteria.  Wright  has  given  t 
name  of  kjmoihii*.1  The  action  of  an  opsonin  appears  ckwly 
resemble  that  of  a  copula. 

1  :t  1  Aatttaxines. — The  third  method  of  1 

'liraek  ntiA>,  I  fumirfe  aitb  p 
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vasion  is  the  neutralization  of  the  toxines  of  the  organism.  If  an 
animal  is  injected  with  gradually  increasing  doses  of  the  toxines  of  a 
pathogenic  organism,  it  is  found  that  not  only  does  it  become  immune 
to  that  organism,  but  that  its  serum  is  capable  of  neutralizing  the 
toxines  of  the  bacterium  if  added  to  them  in  a  test-tube ;  so  that  the 
mixture  is  no  longer  harmful  to  other  animals  if  injected  into  them. 
Further,  the  "  immune  "  serum  is  capable  of  cutting  short  an  attack 
of  the  disease  already  induced  in  a  non-immune  animal.  It  is  thus 
proved  that  the  serum  of  an  animal  immunized  against  the  toxines  of 
a  particular  organism  contains  a  body  capable  of  directly  neutralizing 
the  toxines  of  the  organism,  not  only  within  the  system  of  the  immu- 
nized animal,  but  also  outside  it.  This  body  is  called  an  antitoxine. 
With  regard  to  the  interaction  of  toxine  and  antitoxine  many  curious 
facts  have  been  ascertained.  In  the  first  place  these  bodies  combine 
to  neutralize  one  another  in  exact  quantities,  like  an  acid  and  an  alkali ; 
but  the  resulting  mixture  can  be  again  separated  into  its  component 
parts  by  filtration  through  a  porcelain  cylinder,  the  toxine  passing 
through,  while  the  antitoxine  remain.  Again,  it  is  possible  to  make 
a  mixture  of  toxine  and  antitoxine  which  shall  be  innocuous  to  one 
species  of  animal,  but  toxic  to  another.  Further,  if  a  mixture  of 
toxine  and  antitoxine  be  injected  into  a  living  animal,  the  toxine  may 
appear  uncombined  in  the  urine.  It  would  seem  that  the  combination 
between  toxine  and  antitoxine  is  loose  and  readily  dissolved ;  and  also 
that  the  combination  takes  place  slowly.  If  toxine  and  antitoxine  are 
left  long  in  contact,  the  above  peculiar  phenomena  no  longer  occur. 

In  the  case  of  the  toxines  of  diphtheria  it  is  found,  by  gradually 
adding  more  and  more  antitoxine  to  the  poison  and  injecting  the 
mixtures  into  animals,  that  there  are  present  in  the  crude  poison  of 
the  bacterial  culture  several  diiferent  bodies  of  varying  toxicity, 
possessing  different  degrees  of  affinity  for  the  antitoxine ;  one  of 
these,  called  toxoid,  or  prototoxoid,  is  practically  inert,  but  has  the 
greatest  avidity  for  antitoxine  ;  a  second  (toxone)  has  little  affinity  for 
antitoxine,  and  is  apparently  responsible  for  the  production  of  the 
local  oedema  which  occurs  in  the  tissues  at  the  site  of  injection  of 
diphtherial  organisms  or  toxines ;  while  the  most  toxic  body,  to  which 
the  main  effects  of  the  disease  are  due,  occupies  an  intermediate  jx>si- 
tion  with  respect  to  its  affinity  for  antitoxine. 

The  serum  of  an  animal  which  lias  been  injected  with  the  toxines 
of  an  organism  does  not  possess  any  destructive  (bactericidal)  power 
toward  that  organism.  Thus,  diphtheria-bacilli  will  grow  freely  in 
diphtherial  antitoxic  serum.  An  injection  of  such  antitoxine  does  not 
kill  the  bacilli  present  in  a  patient,  but  it  prevents  their  further  growth 
in  the  tissues,  which  is  effected  by  means  of  the  action  of  the  toxine. 

Ehrlich'g  Theory  of  Immunity. — In  organic  chemistry  many  com- 
plex substances  seem  to  possess  a  central  group  of  molecules  which 
remains  stable  throughout  a  series  of  combinations  and  resolutions, 
and  outlying  groups  of  molecules  which  enter  into  combination  with 
other  radicals.     For  example,  the  benzene  ring  remains  as  a  reoogni- 
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NQfC*' 


zable  centre  of  attraction  throughout  a  series  of  compounds,  of  which 
trinitro-benzene  may  serve  as  an  example  (Fig.  158).  In  all  of  these 
there  is  a  constant  centre  of  attraction,  consisting  of  the  six  linked 
atoms  of  carbon,  which  grapple  to  themselves  other  groups  of  atoms. 

Ehrlich  supposes  that  the  animal  cell  consists  of  a  central  mass  of 
protoplasm  eorrcsjxmding  with  the  benzene  ring;  and  that  to  this  are 
united  a  series  of  outlying  groups 
Fin.  Ifi8.  of   molecules,  or  "  side-chains," 

H  °,H  which  have  the  power  of  entering 

Si  £  into  combination  with  substances 

circulating  in  the  lymph  around 
the  cell.  These  outlying  groups 
are  culled  receptor*.  Under  ordi- 
nary circumstances  their  function 
is  to  bike  up  molecules  of  food 
for  the  nutrition  of  the  cell ;  but 
they  are  also  capable  of  uniting 
with  other  substances  which  may 
act  harmfully  instead  of  Itene- 
ficially.  Taking  the  instance  of 
hffimolysis  as  illustrated  in  the  foregoing  diagrams,  the  cells,  or  rather 
corpuscles  in  question  are  not  fitted  for  entering  directly  into  combina- 
tion with  the  destructive  body  or  alexine  existing  in  the  blood  of  the 
animal  into  which  they  are  injected  ;  but  this  combination  can  be  brought 


|iC-NO, 


Vc-H 


Benzene. 


Trlnttro-benzene . 


i't-:iiml  ring  and  ■lJc-chniiit 


l.'.O. 


ula  -  A,  cell  or  corpuwle  with  ilde-chalni  or 
h  alexin  united  by  cupula  lo  1U  receptor*. 


by  means  of  a  second  Imdy,  formed  in  the  immunized  animal,  which 
acts  as  intermedia rv  and  grapples  corpuscles  and  alexin  together. 
(Sec  Fig.  1R».) 

When  a  it'll  is  brought  into  contact  with  a  bacterial  toxine,  a 
similar  process  takes  place,  only  here  no  intermedia ry  body  is  neces- 
sary, as  the  toxine  contains  within  itself  distinct  groups  of  molecules 
corresponding  with  lxith  the  alexin  and  the  copula.  These  groups 
have  been  named  the  "  toxophore "  and  the  "haptophore"  respec- 
tively (Fig.  160).  If  a  small  quantity  of  toxine  combines  with  the 
receptors  of  a  cell,  it  is  capable  of  killing  some  of  these  receptors,  but 
the  cell  itself  escapes.     The  oell  then  proceeds  to  throw  out  more  of 
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the  receptors  which  have  been  killed  ;  anil,  as  is  not  unusual  in  the 
prows*  of  repair  of  injury,  the  new  receptors  are  formed  in  excess  of 
the  original  number.  The  cell  thus  becomes  provided  with  a  greater 
Dumber  of  side-chains  capable  of  entering  into  combination  with  the 
toiine  in  question,  and  is  thus  able  to  tolerate  larger  and  larger  doses 
of  the  poison.  As  this  process  goes  on,  so  many  of  the  receptors  are 
formal  that  some  of  them  are  cast  off  into  the  lymph  and  enter  the 
Wood-stream  (Fig.  160).  Thexefree  rtetjiton  are  the  antitazine.  They 
ate  able  to  unite  with  the  molecules  of  toxine  before  these  reach  the  cells, 
and  thus  to  neutralize  them.  They  can  also  be  injected  into  the  body 
of  another  individual,  and  will  fulfil  the  same  function  there,  pro- 
tecting the  person  or  animal  injected  against  subsequent  doses  of 
poison.  If  the  toxine  exists  in  the  blood  of  the  person  injected  before 
the  anfitoxine  is  administered,  this  will  still  be  capable  of  neutralizing 
any  part  of  it  which  is  still  free  and  uncombined  with  the  cells.  It 
would  seem  that  it  is  even  able  to  withdraw  some  portion  of  the  poison 
which  has  already  combined  with  the  receptors  of  the  cells  so  long  as 


""•J*™  llhutnllng  formation  mid  action  of  antitoxin.  A,  cell  with  receptors  increased  In 
"'  •  unit  of  these  hate  been  cut  off  into  the  i'lrculation  and  are  uniting  with  mote 
°' toxine;  B,  toxine,  showing  (ft)  haptopborc  anil  it)  toxnphure  groups. 

this  combination  has  not  become  too  firm — i.  c,  probably  before  the 
toxine  has  not  only  united  with  the  receptors  of  the  cells,  but  has  also 
g°ne  further  and  entered  into  combination  with  the  central  protoplas- 
mic mass.  When  this  last  has  once  taken  place,  no  amount  of  anti- 
tuxitio  an  be  0f  any  avail.  Douitz  ascertained  the  exact  amount  of 
"'phtherial  an ti toxine  which  would  neutralize  a  given  done  of  toxine 
m  ■  test-tube,  and  found  that  the  same  quantity  was  capable  of  pro- 
log an  animal  against  injurious  effects  if  it  were  injected  within 
"'"e  minutes  after  the  administration  of  the  corresponding  amount  of 
tosine.  If  a  longer  time  elapsed,  it  was  necessary  to  give  considerably 
™K"*  antitoxine  to  protect  the  animal ;  while  if  more  than  two  hours 
"d.  elapsed  between  the  injection  of  the  toxine  and  the  administration 
°>  'he  antidote,  then  no  amount  of  the  latter  would  avert  a  fatal  issue  : 
"»  toxine  had  become  so  firmly  united  to  the  cells  that  no  quantity  of 
antitoxine  would  withdraw  it. 
Immunity  to  an  infection  may  thus  depend  on  any  of  the  following 
*:     (1)  The  tissue-cells  may  possess  no  receptors  capable  of 
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uniting  with  the  toxine  in  question  :  thus,  ttie  toxine  of  tetanus  can  be 
injected  into  the  tortoise  without  producing  any  poisonous  effect,  but 
it'  the  blood  of  the  animal  thus  treated  is  injected  into  a  mouse,  the  latter 
dies  of  tetanus.  This  shows  that  the  toxine  exists  free  in  the  blood  of 
the  tortoise,  having  no  power  of  entering  into  combination  with  the 
receptors  of  this  animal.  (2)  The  serum  may  contain  antitoxin?, 
either  naturally  existing  there,  or  formed  iu  response  to  repeated 
injections  of  small  quantities  of  toxine,  or  to  a  by-gone  attack  of  the 
disease  caused  by  the  organism ;  or  owing  to  the  injection  of  some 
antitoxic  serum  from  another  animal  which  has  been  thus  immunized. 
(3)  The  serum  of  the  animal  or  person  may  be  bactericidal,  possessing 
in  it  the  bodies,  alexin,  and  copula  necessary  for  destroying  the 
bacteria  which  cause  the  disease,  or  those  substances  which  enable  the 
leucocytes  to  attack  and  digest  them. 

The  passive  immunity  gained  by  injection  with  the  serum  of 
another  immunized  animal  only  lasts  for  a  short  time ;  the  antitoxine 
or  the  copula,  in  the  case  respectively  of  antitoxic  and  bactericidal 
serum,  being  either  excreted,  or  neutralized  by  the  formation  of  anti- 
toxine or  auticopula. 

The  origin  of  the  copula  or  immune  body  is  not  known  ;  it  possibly 
represents  a  special  kind  of  receptor  formed  by  the  cells.  The  alexin 
is  probably  formed  by  the  leucocytes  in  many  cases ;  in  some  instances 
it,  too,  may  be  produced  by  the  tissue  cells.  In  exhausting  diseases 
the  supply  of  alexine  present  in  the  blood  falls  to  a  low  ebb,  and  the 
attack  of  parasitic  organisms  is  thus  facilitated  {terminal  infection*).  It 
is  in  the  same  way  probably  that  starvation  and  overwork  diminish 
resistance  to  disease. 

The  serum  of  persons  who  have  suffered  from  an  infective  disease, 
and  that  of  animals  which  have  been  experimentally  inoculated  with 
bacteria,  exhibits  certain  other  special  properties  in  addition  to  bac- 
teriolytic and  antitoxic  powers  :  these  may  be  briefly  considered  here. 


Diagram  illustrating  the  agglutination  of  a  typhosus  by  aeram  from  ■  typhoid-patient. 


Agglutination. — The  blood-serum  of  patients  suffering  or  convales- 
cent from  enteric  fever  was  found  by  Gruber  and  Durham  to  have  the 
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pserof  causing  the  bacilli  of  the  disease  to  adhere  together  in  clumps 
irMrail  of  mi. vini;  freely  about,  as  they  normally  do  (Fig.  161).  The 
■UU  property  is  exhibited  by  the  serum  in  other  diseases  toward  the 
bctma  responsible  for  the  infections  (Malta  fever,  dysentery,  etc.}. 
iBUpower  of  agglutinating  the  bacteria  persists  even  when  the  serum 
U  rvin-idcniijly  diluted.  Undiluted  serum  from  a  normal  jwrson  has 
tout  ug^hitinnting  power,  which  is  also  exhibited  by  some  chemical 
gents,  such  as  perehloride  of  mercury. 

I'-i-  has  been  made  of  the  property  of  agglutination  as  an  aid  in 
(fit-  diagnosis  of  disease.  For  practical  purposes  the  reaction  may  be 
obtained  in  either  of  two  ways:  (1)  By  adding  diluted  serum  in 
Measured  quantity  to  a  known  amount  of  a  freshly  made  culture  of 
".'::.  and  observing  a  hanging-drop  of  the  mixture  under  the 
microscope  ;  or  (2)  by  adding  the  diluted  serum  bulb  to  a  suspension 
f°  the  bacteria  in  a  test-tube,  in  which  case  the  liquid  becomes 
.lually  clear,  the  bacilli  settling  to  the  bottom  as  a  precipitate 
teKtanentatwn}, 

If  a  small  proportion  of  the  serum  of  an  immune  animal  be  added 

U>    a  culture  of  bacteria,  and  the  growth  of  these  watched  under  the 

ioroscope,   it    may   be  seen  in  some  cases    that  the  growth   takes  a 

sculiar   form,  the    organisms  tending  to   form   long  chains  or  to  be 

uli-Twise  altered  in  appearance  (pneumococcus,  etc.). 

The  nature  of  the  process  of  agglutination  is  not  known.  It  is 
possible  that  a  precipitate  of  some  kind  is  formed,  which  entangles  the 
wjrnnisms  in  its  me.shes.  The  substances  which  produce  the  reaction 
tro  called  aifglulmhut :  there  is  evidence  to  show  that  the  interaction 
"f  (wo  bodies  analogous  to  the  alexin  and  copula  which  produce 
QBemolysis  is  necessary  for  the  process  of  agglutination. 

The  hemolytic  serum   of  animals   injected   with   blood   from  other 

"I>ocies  acquires  the  power  of  agglutinating  the  corpuscles  of  this  species 

Vi'H  ;i-  dissolving  them. 

Prtdpttation.—l£  the  serum  of  one  species  of  animal  be  injected 

t*-»  an  animal  of  a  second  species,  the  serum  of  the  latter  gains  the 

■Wer  of  producing  a  precipitate  when    added  to  the  serum  of  any 

"'liviihi:d  of  the  former  species.      Thus,   if  the  serum  of  a  man   be 

"Juried  into  a  rabbit,  the  serum  of  this   rabbit  will    produce  a  precipi- 

;it«_.  ujtli  any  human  serum.    This  reaction  is  not  absolutely  "  specific," 

";*-~iiiu<h  as  serum  from  closely  allied  species  may  be  influenced  in  the 

"  trie  way  as  that  of  the  animal  employed  tor  the  injections  :  thus,  in 

e  above  instance  the  serum  of  apes  will    be  precipitated  as  well  as 

**Wn   serum — an    interesting    confirmation    of    the   true   biological 

"*tiawhip  between    man    and    the  anthropoids.      The  serum  of  the 

ll"tij:il    species   used    for   injection   will,  however,  give  the  reaction  in 

K*t*«iderably  greater  dilution  than  that  of  the  allied  forms.     It  has  been 

**gjgcatad    thai   ase  should   be  made  of  this  reaction   for  medico-legal 

purposes,  when  it  is  desired  to  identify  blood-stains  as  being  of  human 

0rlgin.     The  substances  which    are    produced    in  the  injected  animal 

"id  which  induce  this  reaction  are  called  preeipUinM. 
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Methods  of  Investigation. — 1.  Recognition  of  Micro-organisms. — 

The  large  majority  of  bacteria  are  so  small  that  special  staining  is 
necessary  in  order  to  display  their  form  and  general  characters.  Bac- 
teria (like  nuclear  chromatin)  stain  readily  with  basic  aniline  dyes,  but 
often  retain  the  stain  under  conditions  that  will  decolorize  animal  tis- 
sues. The  dyes  most  often  used  are  fuchsine,  methyl  violet,  methylene 
blue,  and,  for  photographs  especially,  Bismarck  brown  :  freshly  filtered 
watery  solutions  are  employed,  from  0.5  to  5  per  cent.  Cover- 
glasses  and  slides  should  be  cleaned  with  chromic,  or  with  dilute  nitric, 
acid  and  kept  in  absolute  alcohol ;  before  use  they  should  be  heated  in 
a  spirit-flame  whilst  held  in  forceps.  The  following  is  the  method  of 
procedure  in  the  case  of  fluids.  A  small  drop  of  the  material  to  lw 
examined  is  taken  up  in  the  end  of  a  sterilized  platinum  loop  and 
smeared  evenly  over  one  side  of  a  clean  cover-glass.  This  is  preferable 
to  the  older  method  of  squeezing  the  material  between  two  cover- 
glasses  and  then  sliding  them  apart.  The  cover-glass  is  next  set  aside, 
film-surface  obliquely  downward,  to  dry,  and  then  passed  three  times 
through  a  Bunsen-flame,  at  a  rate  of  one  foot  per  second,  to  precipitate 
and  fix  any  albuminous  material  to,  the  glass.  If  a  weak  staining  solu- 
tion is  used,  the  cover-glass  must  be  floated  on  it,  prepared  face  down- 
ward, for  some  minutes  or  hours :  if  a  strong  solution  (2  to  5  per 
cent.)  is  employed,  a  few  drops  may  be  poured  on  to  the  dried  cover- 
glass  and  left  for  half  a  minute.  In  either  case  the  cover-glass  is  then 
washed  with  distilled  water  from  a  wash-bottle,  dried  over  a  flame,  and 
mounted  with  Canada  balsam  dissolved  in  xylol. 

It  is  sometimes  desirable  to  stain  the  bacteria  one  color  and  the 
rest  of  the  specimen  another.  This  may  be  done  by  first  of  all  staining 
the  cell-protoplasm  with  eosin,  and  afterward  the  nuclei  of  the  cells 
and  the  bacteria  with  methvlene  blue  or  some  other  contrast-stain.  If, 
however,  some  special  means  be  taken  to  fix  the  dye  in  the  bacteria, 
as  by  the  use  of  aniline  oil,  carbolic  acid,  alkalies,  heat,  or  prolonged 
staining,  it  is  possible  to  stain  some  organisms  so  that  they  will  retain 
the  dye,  even  when  they  are  acted  on  by  a  solution  of  nitric  acid  (I  in 
5),  which  decolorizes  everything  else,  including  other  kinds  of  bacteria. 
After  the  acid  has  been  washed  off,  the  decolorized  parts  may  l>e  stained 
with  some  contrast-color — e.  g.y  vesuvin  or  methylene  blue.  The  chief 
jwthogenic  fungi  known  to  stain  in  this  way  are  the  bacilli  of  tubercu- 
losis and  of  leprosy.  The  bacilli  of  tulxrciilosis  are .  now  constantly 
sought  for  in  pus,  in  sputum,  and  in  urine,  either  for  purposes  of  diag- 
nosis, or  to  learn  the  result  of  treatment.  For  the  examination  of 
fluids  for  this  organism  the  Ziehl-Noelsen  stain  is  generally  employed. 
After  staining  in  the  warm  fluid  for  some  minutes,  the  films  are  decol- 
orized with  a  '20  per  cent,  solution  of  nitric  acid,  washed  in  alcohol, 
then  in  water,  and  subsequently  counterstained  with  a  solution  of 
methylene  blue  (half  a  minute)  or  Bismarck  brown  (three  minutes), 
and  finally  washed,  dried  and  mounted. 

A  method  of  very  general  use  in  the  search  for  bacteria  was  intro- 
duced by  Gram  of  Copenhagen.     Prepared  oover-glnnncn  are  soaked 
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for  some  minutes,  and  sections  for  some  hours,  in  Ehrlich's  solution  of 
gentian  violet,*  until  they  are  deeply  stained.  They  are  then  placed 
on  or  in  a  solution  of  iodine  f  until  they  turn  brown  (i.  e.,  two  or  three 
minutes).  The  specimens  are  next  decolorized  in  alcohol,  counter- 
stained,  if  necessary,  with  eosin  or  Bismarck  brown,  dried  and  finally 
mounted  in  Canada  balsam.  Some  organisms  remain  deeply  stained, 
but  some — such  as  the  gonococcus  and  Friedlander's  pneumo-bacillus — 
are  decolorized.  This  method  of  staining  often  helps  to  distinguish 
allied  forms  of*  bacteria. 

When  tissues  are  to  l>e  examined,  small  pieces  should  be  placed, 
as  soon  as  possible  after  death,  in  strong  methylated  spirit  or  in  abso- 
lute alcohol.  When  thoroughly  hardened,  sections  should  be  cut  in 
paraffin,  as  they  must  be  very  thin.  The  sections  are  stained  for 
twelve  hours  or  longer  in  a  1  per  cent,  freshly  filtered  watery  solu- 
tion of  the  dye  selected,  or  for  a  shorter  time  in  a  stronger  solution 
(warmed).  Some  workers  next  transfer  the  stained  section  to  a  1 
per  cent,  solution  of  glacial  acetic  acid,  then  to  absolute  alcohol,  and 
finally  to  whatever  clarifying  agent  is  employed  (cedar  oil,  xylol,  coal- 
tar  naphtha)  :  others,  omit  the  acetic  acid.  Each  of  these  fluids  dis- 
solves some  of  the  dye  out  of  the  tissue,  and  the  difficulty  is  to  reduce 
this  effect  to  a  minimum.  It  is  best,  therefore,  at  first  to  take  only 
one  section  at  a  time  out  of  the  staining  fluid.  One  or  two  trials  will 
show  how  long  the  section  must  be  left  in  each  fluid  in  order  that  it 
may  finally  retain  a  rather  pale  color.  The  specimen  is  then  mounted 
in  Canada  balsam  dissolved  in  xylol. 

If  a  blue  or  violet  stain  has  been  used,  the  sections,  after  washing 
in  alcohol,  may  be  dipped  in  water  for  a  moment,  and  then  placed  in 
eosin-  or  carmine-solution  for  an  hour ;  the  tissue-elements  acquire  a 
red  tint,  whilst  the  organisms  remain  blue  or  violet.  The  sections 
must  now  be  placed  in  alcohol.  The  subsequent  stages  are  the  same  as 
before. 

To  examine  tissues  for  B.  tuberculosis  or  B.  lepra,  the  Ziehl-Neel- 
sen  stainj  is  the  best.  Place  the  sections  in  the  fuchsine  solution,  and 
leave  them  in  a  warm  place  for  at  least  two  hours ;  then  transfer  them 
to  the  nitric  acid  solution  and  leave  them  until  the  color  is  almost  gone  ; 
then  rinse  them  in  water  and  put  them  into  methylene  blue  for  an  hour. 
Next  pass  them  through  absolute  alcohol  and  whatever  clearing  reagent 
is  used,  and  then  mount  as  before.  B.  tuberculosis  and  B.  lepne  will 
appear  as  red  rods  on  a  blue  ground ;  all  other  organisms  present  will 
be  blue. 

With  loose  sections  it  is  a  good  plan  to  use  the  glass  slide  as  a  sec- 
tion-lifter, pushing  it  obliquely  into  the  xylol  or  the  alcohol,  and  there 
spreading  the  section  out  upon  it.  I^arge  vessels  and  plenty  of  the  fluid 
roust  be  used  for  this  purpose. 

*  Saturated  alcoholic  solution  of  gentian  violet,  5  cc  ;  aniline  water,  100  c.c 
f  Iodine,  1  grm. ;  potassium  iodide,  2  grm. ;  water,  300  c.c. 

£  Dissolve  one  gramme  of  fuchsine  in  10  cc.  of  alcohol,  and  add  100  c.  c.  of  a 
watery  solution  of  carbolic  acid  (1  in  20). 
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With  large  organisms,  or  with  successful  contrast-staining,  a  magni- 
fying power  of  500  diameters  and  ordinary  illumination  will  be  sufficient 
for  most  clinical  purposes ;  but  for  the  smaller  fungi  and  for  accurate 
observation  an  oil-immersion  lens,  and  a  sub-stage  condenser  of  very 
wide  angular  aperture,  are  necessary. 

n.  Cultivation  of  Micro-organisms. — When  the  presence  of  organisms 
in  a  fluid  or  tissue  has  been  determined,  it  may  be  necessary  to  cultivate 
them,  in  order  either  to  study  their  life-conditions  or  to  separate  them 
from  all  other  species  and  other  matter.  Cultivations  may  be  made  in 
fluids  or  on  solids,  previously  sterilized,  in  order  to  ensure  the  absence 
of  any  living  organisms  other  than  those  purposely  introduced. 

Heat  is  invariably  employed  as  the  sterilizing  agent,  as  chemical 
germicides  cannot  be  removed,  and  their  continued  presence  vitiates  the 
results. 

Moist  heat  is  the  most  useful  agent.  Instruments,  boiled  for  ton 
minutes,  are,  under  ordinary  circumstances,  efficiently  sterilized  ;  though, 
if  spores  be  present,  boiling  for  an  hour  is  essential.  This  method  is 
especially  suitable  for  steel  instruments,  as  they  are  injured  less  by  moist 
than  by  dry  heat.  Steaming  at  a  temperature  of  100°  C.  practically 
fulfils  the  same  purpose  as  boiling,  though  continuous  steaming  for  an 
hour  and  a  half  is  necessary  to  destroy  spores.  Equally  good  results 
can  l>e  obtained  by  steaming  for  a  quarter  of  an  hour  on  each  of  three 
successive  days.  To  shorten  the  procedure  as  far  as  possible,  sterili- 
zation is  often  effected  by  steaming  under  pressure,  which  is  increased 
so  that  the  water  will  not  boil  until  a  temperature  of  1 15°  C  is  reached. 
Steaming  under  these  circumstances  will  effectually  sterilize  in  a  quarter 
of  an  hour.  Many  media  are,  however,  damaged  by  any  of  the  preced- 
ing methods — r.  #.,  blood-serum,  which  coagulates  at  60°  C.  To  ster- 
ilize media  without  damaging  them  by  heat,  it  is  customary  to  subject 
them  to  a  temperature  of  57°  C.  or  58°  C.  for  one  hour  on  each  of  four 
consecutive  davs. 

Dry  heat,  although  less  efficacious  than  the  same  degree  of  moist 
heat,  is  used  for  two  purposes.  (1)  Platinum  needles  and  cover-glasses 
may  be  sterilized  by  being  passed  through  a  Bunsen-flame  and  heated 
to  a  dull  red.  (2)  Apparatus,  especially  when  made  of  glass,  can  be 
sterilized  in  a  temperature  of  160°  C  to  180°  C  In  this  way  the 
apparatus  is  kept  dry  and  ready  for  immediate  use.  To  avoid  fracture 
the  temperature  must  be  gradually  raised  and  gradually  lowered. 

Culture-media  may  be  fluid  or  solid.  Fluid  itiedia  were  the  first 
employed.  To  sterilized  broth  or  other  fluid  containing  some  material 
likely  to  afford  nutriment  for  the  organisms  under  investigation,  a  small 
quantity  of  the  substance  suspected  to  contain  them  was  added.  Under 
suitable  conditions  the  organisms  grew,  and  the  fluid  became  turbid. 
A  small  quantity  of  this  culture-fluid  was  then  placed  in  another  flask 
containing  a  similar  medium,  and  so  on  until  the  culture  was  freed  from 
all  material  incapable  of  growth.  If  more  than  one  kind  of  fungus  is 
inoculated  in  the  first  instance,  it  may  l>e  impossible  by  this  means  to 
ensure  a  pure  cultivation  of  any  of  the  original  organisms. 
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Koch  introduced  transparent  solid  cutture-media.  To  clear  meat- 
broths  peptone  is  added,  and  the  mixture  stiffened  by  the  addition  of 
sufficient  gelatine  (5  to  10  per  cent.)  to  render  it  solid  at  65°  to  80°  F., 
at  which  temperature  most  fungi  will  grow  fairly.  Agar-agar,  obtained 
from  dried  seaweed,  is  now  used  (1  to  2  per  cent.)  to  stiffen  fluids 
required  to  remain  solid  at  temperatures  above  that  of  the  melting-point 
of  gelatine,  in  order  that  the  life-conditions  of  organisms  at  any  tem- 
perature possible  in  the  body  may  be  determined.  Solidified  blood- 
serum,  potatoes,  milk,  and  other  media  are  also  employed.  The 
employment  of  solid  media  was  a  great  advance  in  practical  bacteriology, 
as  it  enabled  investigators,  by  cultivation,  to  free  one  species  from  all 
other  species  and  other  matter,  as  well  as  to  observe  any  distinctive 
characters  assumed  by  organisms  growing  on  special  media,  and  to 
ascertain  the  conditions  and  products  of  growth  of  bacteria  in  substances 
resembling  as  closely  as  possible  the  animal  tissues  in  which  the  bacteria 
are  known  to  thrive.  It  will  be  readily  understood  that  for  these  pur- 
poses a  very  large  number  of  different  media  are  required.  Media  in 
a  fluid  state  are  still  necessary  for  the  inoculation  of  animals,  for  the 
separation  of  the  products  of  bacteria  by  filtration,  and  for  experiments 
on  the  germicidal  influence  of  different  chemicals.  In  all  cases  the 
nutrient-media  must  be  carefully  sterilized  ;  and  in  inoculating  a  cul- 
ture-tube great  care  must  be  taken  to  prevent  contamination  from  the 
air  or  apparatus. 

Transparent  solid  media  are  generally  employed  in  one  of  two  ways. 

a.  Tube-cultures. — Fill  the  lower  third  of  a  test-tube  with  the 
selected  culture-medium  ;  insert  a  plug  of  cotton-wool  into  the  orifice 
of  the  tube ;  sterilize  according  to  the  method  just  described,  and  then 
set  the  tube  aside  to  cool,  either  in  a  vertical  or  an  oblique  position, 
according  to  whether  depth  or  surface  is  required.  This  and  the  fol- 
lowing details  are  shown  in  Fig.  162.  To  make  a  cultivation  on  the 
medium  thus  prepared  remove  the  plug  from  one  of  the  tubes,  then 
with  a  sterilized  platinum  wire  take  some  of  the  suspected  material  and 
transfer  it  to  the  culture-ground,  stabbing  or  smearing  this  with  the 
wire  (Fig.  162).  Re-insert  the  plug,  and  put  the  tube — the  right  way 
up— in  an  incubating  chamber  under  such  conditions  of  temperature  as 
may  be  desired. 

Colonies  of  organisms  will  gradually  appear  (1)  on  the  surface  only, 
if  oxygen  is  essential  (aerobic)  ;  (2)  in  the  lower  part  of  the  track  only, 
if  oxygen  is  fatal  (anaerobic) ;  or  (3)  on  the  surface  and  along  the 
track,  if  the  presence  of  oxygen  is  a  matter  of  comparative  indiffer- 
ence. In  some  cases  the  form  of  the  growth  is  characteristic  (Fig. 
164) ;  in  others  the  media  are  liquefied  in  some  peculiar  and,  therefore, 
diagnostic  manner  (Fig.  163). 

/?.  Plate-cultures. — Warm  the  medium  until  it  is  just  fluid,  and 
inoculate  a  tube  as  before,  but  without  inversion  ;  gently  agitate  the 
contents,  inoculate  a  second  tube  from  the  first,  and  then  a  third  from 
the  second.  Pour  the  contents  of  each  on  to  sejwrate  glass  dishes,  and 
keep  these  in  glass-covered   chambers    under  the  desired  conditions. 
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Isolated  colonies  will  gradually  develop  in  different  proportions  on  each 
plate,  and,  if  very  numerous,  may  run  together.  Different  organisms 
will  produce  colonies  differing  in  appearance.     Tubes  can  be  subse- 


Fig.  162. 


Culture  tubes,  a.  Tube  prepared  for  "stab"  culture;  6.  Tube  prepared  for  "streak"  or 
*'  smear  "  culture ;  c.  Method  of  making  "  stab  "  culture.  It  is  now  customary  not  to  invert 
the  tube. 

quently  inoculated  from  any  of  these  colonies  which  it  is  desired 
to  isolate.  Thus,  for  each  organism  we  can  ascertain  the  influence 
of  different  temperatures,  media,  and   gases,  as  well  as  separate  one 
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Diagrammatic  representation  of  various  forms  of  stab-culture,  a.  An  aerobic  organism— grows 
therefore  only  on  surface :  b.  An  anaerobic  organism— grows  therefore  only  beneath  the  sur- 
face ;  c.  An  organism  indifferent  to  the  presence  of  air— grows  therefore  on  and  beneath  sur- 
face; d.  An  aerobic  organism  which  liquefies  gelatine;  e.  An  aerobic  but  capably  anaerobic 
organism,  which  also  liquefies  gelatine,  but  in  a  different  manner  to  d. 

organism  from  any  others  that  may  have  been  simultaneously  intro- 
duced. 

To  examine  air,  a  glass  plate  covered  with  gelatine-peptone  mm7  °* 
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exposed  for  a  given  time,  and  then  kept  under  a  moist  bell-jar  :  colonies 
will  grow  wherever  germs  have  fallen,  and  any  of  them  can  be  subse- 
quently cultivated  in  tubes.     Again,  a  portion  of  earth  or  tissue  may 
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Tube-culture!,  showing  peculiarities  of  growths  aloug  the  lines  of  puncture.    (After  Sternberg.) 

be  broken  up  in  sterilized  water,  and  a  little  of  this  may  be  shaken  with 
sterilized  peptone-gelatine ;  the  latter  is  then  poured  on  a  plate  and 
allowed  to  set.  Most  frequently  such  cultivations  are  carried  on  in 
test-tubes,  inoculated  with  a  platinum  wire  heated  to  redness  and 
allowed  to  cool  just  before  it  is  dipped  into  the  substance  to  be  examined. 
A  puncture  with  it  is  then  made  into  gelatine.  A  very  handy  method 
of  cultivation  is  the  inoculation  of  slices  of  recently  boiled  potato,  cut 
with  a  sterilized  knife,  and  kept  under  a  bell-jar  in  moist  air. 

In  all  experiments  the  apparatus  must  be  carefully  sterilized,  and 
each  procedure  carried  on  in  as  still  and  pure  an  atmosphere  as  possible. 


Pathogenic  Bacteria. 

A  more  detailed  reference  will  now  be  made  to  those  bacteria  which, 
on  more  or  less  satisfactory  evidence,  are  believed  to  be  the  exciting 
causes  of  certain  infective  diseases.  For  want  of  a  better  classification 
we  shall  divide  them  into  three  grouj>s — micrococci,  bacilli,  and  spirilla. 

I.  Micrococci. — These  are  round  or  oval  cells,  generally  0.5  p.  to 
2  fit  in  diameter.  They  are  arranged  (1)  singly,  (2)  in  pairs  (diplococci), 
(3)  in  chains  (streptococci)  of  four  cocci  to  three  hundred,  which  may 
be  straight  or  wavy,  (4)  in  groups  like  bunches  of  grapes  (staphylococci), 
or  (5)  in  colonies  and  zooglcea-masses.  The  organisms  belonging  to 
this  order  differ  among  themselves  in  form,  size,  mode  of  grouping, 
and  physiological  action. 

The  absence  of  distinctive  form  makes  it  very  difficult  to  ascertain 
whether  a  culture  is  "  pure,"  and  whether  a  coccus  under  observation 
is  the  cause  of  any  given  disease.  Of  all  forms  of  fungus,  cocci  are 
the  most  frequently  associated  with  disease. 
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1.  Fermentation  of  Urine. — The  Micrococcus  urea  causes  aramoniacal 
fermentation  of  urine,  by  forming  ammonium  carbonate  out  of  urea 
and  water.  It  is  generally  deposited  from  the  air.  Urine  obtained 
pure,  and  exposed  only  to  pure  air,  will  keep  acid  for  years.  The 
transformation  of  urea  into  ammonium  carbonate  is  due  to  the  action 
of  a  so-called  intracellular  ferment  in  this  micrococcus  (p.  278).  The 
nature  of  the  ferment  is  shown  by  the  facts  (1)  that  if  the  cocci  be 
removed  by  filtration  the  change  ceases,  and  (2)  that  a  body  capable  of 
producing  the  change  can  be  extracted  from  the  cocci  by  the  action  of 
alcohol.  If  cocci  be  accidentally  introduced  by  means  of  instruments 
the  change  may  occur  in  urine  contained  in  the  living  bladder,  and  may 
extend  up  to  the  pelvis  of  the  kidneys  with  the  most  fatal  results  (see 
Suppurative  Nephritis).  The  M.  ureae  is  rather  large  (2  fi),  and  occurs 
singly  or  in  chains. 

2.  Suppuration,  or  pyosis,  whether  in  the  form  of  acute  abscess 
(p.  170),  osteomyelitis,  or  metastatic  pyaemia,  is  usually  due  to  the 


Fig.  165. 


Fig.  lf>6. 


Staphylococcus    pyogenes   aureus.     From  a 
culture.     X  1000. 


Streptococcus  pyogenes.    From  pas  found  in 
a  pyaemic  abscess.    \  1000. 


presence  of  cocci.  Many  varieties  of  cocci  possess  the  power  of  pro- 
ducing pus.  By  far  the  most  common  of  these  are  the  Staphylococcus 
pyogenes  aureus  (Fig.  165),  the  Staphylococcus  pyogenes  albus,  and  the 
Streptococcus  pyogenic*  (Fig.  166).  They  all  grow  readily  at  the  tem- 
perature of  the  body.  The  Staphylococcus  pyogenes  aureus  and  the 
Staphylococcus  pyogenes  albus  differ  from  one  another  in  only  one  im- 
portant particular ;  namely,  that  the  former,  when  cultivated  on  gela- 
tine, agar-agar,  or  potato,  in  the  presence  of  oxygen,  produces  a  pale 
orange  pigment,  while  the  latter  does  not  (Fig.  167).  They  resemble 
one  another  in  forming  clusters,  in  liquefying  gelatine,  and  in  being 
able  to  exist  for  weeks  in  the  dry  state.  Moreover,  when  introduced 
into  the  tissues  under  favorable  circumstances  they  both  form  a  pep- 
tonizing ferment :  albumoses  and  peptones  can  always  be  obtained  from 
pus.     The  Streptococcus  pyogenes  consists  of  cocci  rather  larger  than 
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the  preceding,  and  grows  in  chains.     It  does  not  liquefy  gelatine,  and 
does  not  form  pigment  (Fig.  168).     When  introduced  into  the  tissues 


its  effects  vary  with  its  virulence.  Sometimes  it  produces  erysipelas, 
sometimes  abscess,  sometimes  septicemia.  The  staphylococcus  is  prin- 
cipally found  in  circumscribed  abscesses,  while  the  streptococcus  is 
especially  associated  with  spreading  and  diffuse  suppuration. 

All  these  organisms  exist  in  considerable  numbers  on  the  skin, 
especially  where  they  can  "  obtain  cover."  They  reach  wounds  by 
growing  under  the  dressings,  und  not,  as  a  rule,  by  falling  from  the 
air.  Minute  quantities  of  boric  acid  (I  :  300,  applied  to  cultures)  and 
other  antiseptics  suffice  to  atop  their  growth.  Observers  are  by  no 
means  agreed  as  to  the  length  of  time  which  a  1  :  1000  solution  of 
mercuric  chloride  takes  to  kill  them,  the  times  given  varying  from 
eight  seconds  to  thirty  minutes.  Possibly  these  divergent  results 
depend  on  the  different  virulence  of  tlie  specimens  tested,  and  may  be 
■aid  to  be  consistent  with  the  results  obtained  by  inoculation. 
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In  the  case  of  these  organisms  the  chain  of  proof  demanded  (p.  264) 
is  almost  complete.  Ogston  inoculated  eggs  with  cocci  from  an  acute 
abscess.  By  a  series  of  cultivations  he  obtained  the  cocci  "  pure,"  and 
with  these  he  successfully  inoculated  animals.  Although  abscesses 
were  the  usual  results,  well-marked  septicaemia  occurred  in  some 
cases.  Cocci  were  then  found  in  the  blood,  though  never  in  very  large 
numbers. 

Further  proof  that  these  organisms  can  cause  suppuration  has  been 
given.  Similar  operations  were  |>erformed  with  antiseptic  precautions 
on  both  eves  of  each  of  a  series  of  rabbits,  and  one  eve  in  each  animal 
was  inoculated  with  pyogenic  cocci,  chiefly  the  Staphylococcus  pyogenes 
aureus:  all  the  aseptic  eyes  healed  without  suppuration,  while  all 
those  infected  suppurated  and  were  destroyed,  except  some  in  which 
the  operation  was  quite  superficial  (Knapp).  Upon  man  numerous 
experiments  have  been  made :  cultivations  of  staphylococci  have  been 
inoculated  upon  the  cutis  and  have  led  to  the  formation  of  small 
abscesses.  Similar  cultivations  have  been  rubl>ed  into  the  normal  skin 
of  the  arm  and  have  induced  the  formation  of  numerous  impetiginous 
pustules.  Boils  and,  in  one  case,  a  large  carbuncle  have  been  produced 
in  a  similar  manner.  Lastly,  the  subcutaneous  injection  of  these 
organisms  has  resulted  in  the  formation  of  abscesses  (p.  283). 

Under  ordinary  circumstances  pyogenic  cocci  can  enter  the  skin 
by  the  orifices  of  ducts  or  through  small  abrasions.  Impetigo  results, 
if  they  gain  entrance  to  the  ducts  and  multiply  there  without  pene- 
trating the  true  skin.  If  the  cocci  reach  the  depths  of  a  hair-follicle 
or  sweat-gland  their  action  is  more  violent,  and  they  produce  a  slough 
— a  boil  results.  When  the  cocci  actually  penetrate  the  cutis  vera  they 
cause  an  abscess  of  the  skin. 

In  metastatic  pyaemia  the  proof  is  not  quite  so  complete.  Large 
numbers  of  micrococci  are  found  in  the  secondarv  foci.  It  has,  more- 
over,  been  shown  that  the  unhealthiness  of  a  wound  is  in  proportion 
to  the  number  of  zoogkea-masses  on  its  surface,  and  the  severity  of  the 
disease  to  the  number  of  cocci  in  the  blood  ;  whilst  the  cocci  have  been 
traced  from  the  wound  into  connective-tissue  sjmces  and  even  into  a  vein. 
They  are  present  in  all  clots  undergoing  infective  softening.  On  the 
other  hand,  large  numl>ers  of  cocci  have  l>een  found  in  the  blood  of 
healthy  persons. 

Concerning  the  special  organism  present,  it  may  he  noted  that 
Rosenbach  examined  six  cases  of  metastatic  pyiemia  and  found  the 
Streptococcus  jyyogencs  in  five,  in  two  of  which  it  was  accompanied  by 
a  smaller  number  of  Staphylococcus  pyogenes  aureus.  In  one  case — the 
only  one  which  recovered — the  latter  coccus  occurred  alone. 

In  acute  suppurative  periostitis  and  osteomyelitis,  Rosenbach  demon- 
strated that  the  Staphylococcus  p.  aureus  was  present  in  the  great 
majority  of  cases ;  and  he  was  further  able  to  support  Loeffler  in  his 
statement  that  the  same  organism,  when  injected  into  the  veins  of 
animals  whose  bones  had  l>een  bruised  or  fractured,  caused  acute  osteo- 
myelitis— and  this  whether  the  source  of  the  organism  employed 
a  case  of  osteomyelitis  or  a  boil. 
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Spreading  traumatic  gangrene  is  often  due  to  the  Streptococcus 
pyogenes.  Ogston  found  that  injections  of  staphylococci  might  cause 
similar  gangrene  of  the  skin  in  animals.  Koch  induced  a  spreading 
gangrene  in  rabbits  by  injections  of  a  little  putrid  blood,  and  in  his 
cases  only  streptococci  developed. 

Lastly,  these  cocci  may  give  rise  to  inflammation  stopping  short  of 
suppuration,  the  streptococcus  being  associated  with  the  more  diffuse 
varieties.  Cocci  are  frequently  associated  with  inflammations  about 
the  fauces,  even  without  the  presence  of  pus.  The  evidence  we  have 
of  the  infective  nature  of  papillary  and  ulcerative  endocarditis  is  given 
in  Chapter  XI. 

In  the  large  majority  of  cases  in  which  pyogenic  cocci  are  intro- 
duced into  the  tissues  only  local  results  follow.  In  the  presence  of 
conditions  favorable  to  the  growth  of  the  organisms  they  tend  to 
spread.  With  especial  ease  they  are  carried  to  the  lymphatic  glands. 
There  they  become  arrested  and  give  rise  to  glandular  abscesses. 
Thence,  once  more,  their  progeny  and  their  products  are  distributed 
to  more  distant  parts — it  may  be  throughout  the  body  (p.  281). 

Erysipelas. — Micrococci  have  often  been  descried  in  erysipelatous 
skin,  especially  at  the  spreading  edge.  They  occupy  the  lymphatic 
channels  and  spread  along  them :  hence  the  name  infective  capillary 
lymphangitis.  Orth  produced  typical  erysipelas  in  a  rabbit  by  subcu- 
taneous injection  of  the  fluid  from  an  erysipelatous  bulla  ;  with  oedema- 
fluid  from  this  animal  he  successfully  inoculated  a  second :  the  fluid 
and  affected  skin  contained  cocci  in  large  numbers.  He  next  culti- 
vated the  fungus,  and  produced  erysipelas  by  injecting  it.  In  1881 
Fehleisen  found  streptococci  constantly  present  in  pieces  of  skin  ex- 
cised from  the  spreading  edge  of  an  erysipelas-rash.  The  cocci  filled 
the  lymphatics  of  the  superficial  part  of  the  corium,  like  an  injection- 
mass,  and  occasionally  extended  to  the  subcutaneous  fatty  tissue,  but 
were  never  found  in  the  bloodvessels.  Round-celled  •  infiltration  and 
dilated  bloodvessels  marked  their  presence ;  and  in  parts  where  the 
inflammatory  zone  had  disapj>eared,  the  cocci  had  vanished  also.  The 
organisms  were  cultivated  upon  gelatine  through  fourteen  generations 
in  two  months :  eight  out  of  nine  rabbits,  subsequently  inoculated, 
suffered  from  the  disease ;  and  six  out  of  seven  inoculations  upon  man 
were  equally  successful.  The  incubation  was  fifteen  to  sixty  hours ; 
then  followed  rigors,  fever,  and  typical  rash.  The  evidence  assigning 
a  causal  relationship  to  the  streptococcus  is  therefore  complete. 
Immunity,  if  conferred  at  all,  did  not  last  two  months.  Three  per 
cent,  solution  of  carbolic  acid,  or  one  per  thousand  of  mercuric  chloride, 
sufficed  to  destroy  the  vitality  of  the  fungus. 

Fehleisen  stated  that  the  Streptococcus  erysipelatis  presented  distinct, 
though  slight  differences  from  the  Streptococcus  pyogenes,  that  it  never 
caused  suppuration,  and  that  if  an  abscess  occurred  with  erysipelas  it 
was  due  to  a  mixed  infection.  The  majority  of  recent  writers  upon 
the  question  have  failed  to  detect  either  morphological  or  physiological 
differences,  ^nd  are  therefore  of  opinion  tliat  the  two  organisms  are 
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Identical,  and  flint  the  point  of  hwcubtton,  attrninitinn  of  the 

ami    mmilu    conditions    mint    determine  whether   OJWpHtM   or 

subcutaneous  suppuration  .-lull I  occur  in  any  riven  one. 

Gonorrtuea. — Neissor,    in    1878,    discover-.!    in    the    urethral   pm  ■ 
large  micrococcus    (JHfjIiH-tiri-n*   i/uHOrrhaxe,  or  gonaaocnui,    1 
peculiar  to  this  disease.     He  recognized  It  by  "  faceta  "or  Haiti 
the  surfaces  in  contact,  euoh  us  are  now  known  to  ocottl  i"  other  rap- 
idly multiplying  cocci.      It  is  distinguished    from  or<h 
smaller  size;  by  the  constant  interval,  about  ci]ii:d  to  tl»-  iliunitti-r  of  thr 
coccus,  between  the  individuals  in  the  groups  ;  and  by  the  freipieinv  4 
its  occurrence  upon  and  in  the  pus-cells.      Neisscr  considered  its  piwnw 
a  means  of  diagnosing  gonorrheal  from  other  discharge-,     h  «;i--ul  ■- 
quently  shown  that  the  separation  of  the  cocci  is  doe  to  sweJliogcf  tbfir 
capsules.      It  multiplies  by  fission  in  two  planes  altera  I 
stage  it  is  a  diplococcns,  each  coccus  having  a  bean-ehaped  outti) 
the  next  stage  each   "bean"   subdivides,  and  a  tctracocoua  ia  fonwi 
Thcniinilicml  'oellfl  affected  is  always  relatively  small  and  varies  in  differ- 
ent eases.    The  coccus  is  cultivated  with  much  dittieultv.    Culture*  *m 


first  carried  out  Miocesefully  by  IWkhardt.     This   inv.    ; 

n  "fourth"  cultivation  into  the  urethra  of  a  general  paralytic,  and  P 

duced  a   purulent   discharge.      The    man   died  ul    pu« nil 

later,  and  an  examination  of  tl retlira  led  lloekhardt  to  believe lW 

the  cocci  probably   |kis-    through  the  epithelium  into  (be  lympl 
the    lr>--:i    naviculars,    where   they   excite   acute    in  II  a  munition.     TV 
enter    into    white   corpuscle*,  and    either   pa-    with    them    bjU 
vessels,  where  they   die,  or  eome  away    in   the   pus, 

Since  then  lJumm  has  succeeded  in  cultivating  the  gonoeocru*  ay* 
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solidified  blood-serum ;  he  inoculated  a  second  and  a  twentieth  culture 
upon  a  female  urethra,  causing  typical  gonorrhoea  in  each  of  the  two 
cases.  The  proof  of  causation,  thus  placed  beyond  doubt,  was  difficult 
to  obtain,  as  no  animal  is  susceptible  to  the  disease. 

With  regard  to  complications — suppurative  lymphadenitis  (bubo), 
an  occasional  occurrence  in  gonorrhoea,  is  said  to  be  due  to  an  infection 
of  the  glands  by  ordinary  pyogenic  organisms,  the  urethra  in  these 
cases  being  the  seat  of  a  mixed  infection.  The  gonococcus,  injected 
into  subcutaneous  tissue,  does  not  cause  suppuration,  but  disappears 
in  twenty-four  to  thirty-six  hours.  It  is,  however,  the  only  organism 
present  in  one-fifth  of  the  cases  of  suppuration  in  the  Fallopian  tube 
(pyosalpinx). 

The  gonococcus  may  be  present  in  joints,  which  are  the  seats  of 
gonorrhoeal  arthritis  :  in  some  cases  ordinary  pyogenic  organisms  have 
been  found,  but  in  most  cases  none  at  all.  It  is  quite  unusual  for 
gonorrhoeal  joints  to  suppurate.  Gonococci  have  been  found  on  the 
valves  of  •the  heart  in  endocarditis,  and  have  been  cultivated.  Inocu- 
lation of  the  resulting  cultures  has  produced  gonorrhoea.  The  organ- 
isms have  also  been  found  in,  and  cultivated  from,  the  blood ;  it 
appears  capable  in  susceptible  persons  of  giving  rise  to  a  general  septi- 
caemia. Inoculated  on  the  conjunctiva  it  causes  destructive  inflamma- 
tion (gonorrhoea!  ophthalmia  ;  ophthalmia  neonatorum). 

The  gonococcus  is  incapable  of  multiplying  external  to  the  body, 
except  under  special  artificial  conditions,  as  in  a  culture.  Its  resisting 
power  is  feeble  and  it  soon  perishes.  If  this  were  not  so,  considering 
the  great  frequency  of  the  disease,  infection  otherwise  than  by  contact 
would  almost  certainly  occur. 

Pneumonia  (see  Chapter  XI.). — The  production  of  acute  pneumonia 
has  been  attributed  to  two  distinct  organisms.  (1)  The  first,  known  as 
Friedldnder's  pneumo-bacillus,  wras  first  described  by  its  discoverer  as  a 
coccus.  He  found  great  numbers  of  these  organisms  in  the  early  stages 
of  pneumonia,  not  only  in  the  exudation,  but  also  in  the  lymphatics  of 
the  lung  and  in  the  fluid  of  any  pleurisy  or  pericarditis  which  was  pres- 
ent These  bacteria  are  oval  or  rod-shaped  ;  they  are  contained  in  oval 
or  elliptical  capsules  with  rounded  ends.  Two,  four,  or  more  organisms 
may  lie  found  in  these  capsules.  The  capsule  is  dissolved  by  alkalies 
and  by  water ;  is  contracted  by  acetic  acid  (like  mucin);  is  present  only 
in  the  lung ;  is  scarcely  or  not  at  all  developed  in  cultures ;  and  is  best 
stained  in  cover-glass  preparations  by  immersion  for  two  or  three  minutes 
in  a  solution  of  gentian- violet  in  aniline  water,  followed  by  treatment 
with  alcohol  for  half  a  minute.  The  pneumo-bacillus  does  not  retain  the 
Main  when  treated  by  (.ham's  method. 

Friedlander  subsequently  cultivated  the  coccus  in  blood-serum,  gela 
tinized  meat-infusion,  and  on  potato.  Introduced  by  needle-puncture 
into  the  two  former  substrata,  the  growth  talus  the  very  characteristic  form 
of  a  round-headed  nail;  on  the  latter  ground  it  forms  grayish  drops, 
and  subsequently  a  moist  viscid  layer.  In  a  gelatine  shake-culture 
it  gives  rise  to  bubbles  of   gas.     Diffused  in  distilled  water  and 
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injected  into  the  lung  and  pleura  of  rabbits,  the  organisms  produced  no 
effects ;  but  of  thirty-two  mice  inoculated,  all  died  in  less  tlian  twenty- 
four  hours.  The  lungs  were  very  red  and  almost  universally  solid,  and 
the  spleen  was  enlarged ;  both  organs  contained  the  characteristic  bac- 
teria, which  were  also  present  in  considerable  numbers  in  the  blood, 
and  in  enormous  numbers  in  some  fluid  which  occupies  the  pleura. 
Guinea-pigs  were  more  refractory  to  the  poison,  and,  out  of  five  dogs, 
only  one  suffered. 

The  pathogenic  importance  of  these  organisms  is  small,  as  they  are 
only  found  in  5  per  cent,  of  the  cases  of  acute  pneumonia.  They  occur 
also  in  some  cases  of  membranous  sore  throat,  and  have  been  met  with 
in  abscesses  in  various  j>arts  of  the  body,  in  pleurisy,  in  otitis  and 
rhinitis,  and  in  endocarditis. 

(2)  Frankel  and  Weichselbaum  independently  demonstrated  the 
existence  of  another  organism — FrdnkcFs  pneumococcus  or  the  Diplo- 
coccus  pneumoniae,  wThich  can  be  found  in  nearly  all  cases  of  pneumonia — 
especially  acute  croupous  pneumonia.  In  cultures  these  organisms  occur 
as  round  or  oval  cells,  usually  in  pairs,  but  often  in  chains  of  four  to 
ten  or  even  twenty  to  thirty.  These  longer  chains  are  much  straighter 
than  those  of  ordinary  streptococci.  In  the  tissues,  the  microbes  often 
become  lancet-shaped,  and  their  pointed  ends  may  be  toward  or  away 
from  each  other,  usually  the  latter.  These  cocci  have  capsules  just  like 
Friedliinder's,  and  they  may  be  similarly  stained.  They  retain  the  ani- 
line stain  when  treated  by  Gram'*  method.  Whereas  Friedlimdcr's  Iwicil- 
lus  can  be  readily  cultivated  on  gelatine  at  70°  F.,  Friinkel's  is  ln*st 
grown  on  blood-serum  or  blood-agar  at  a  temperature  of  95°  F.  to 
98.5°  F. ;  and  the  growth  is  scanty  and  not  nail-shaped,  but  of  charac- 
teristic "dew-drop"  form.  When  the  organism  is  grown  on  gelatine  this 
medium  is  not  liquefied.  In  many  of  its  characters  it  thus  resembles 
the  Streptococcus  pyogenes.  The  substratum  must  be  kept  slightly 
alkaline  or  growth  ceases.  Even  when  transferred  daily  from  tul>e  to 
tube  the  diplococcus  rapidly  loses  its  virulence.  To  preserve  or  to 
restore  its  pathogenic  power,  an  occasional  inoculation  upon  a  susceptible 
animal  must  be  resorted  to.     Cultivation  for  one  or  two  davs  at  107° 

• 

F.  destroys  its  virulence,  which  is  weakened  by  longer  cultivation  at 
slightly  lower  temperatures. 

Subcutaneous  injections  of  virus  of  full  intensity  into  rabbits,  mice, 
and  guinea-pigs  cause  an  acute,  generally  fatal,  illness,  like  septicaemia, 
with  characteristic  post-mortem  appearances ;  but  there  is  no  sign  of 
pneumonia.  An  attenuated  culture  introduced  beneath  the  skin  does 
sometimes  give  rise  to  pleurisy  or  pneumonia,  or  both ;  and  these  dis- 
eases imudly  follow  injection  of  such  a  culhire  into  Hie  lungs.  In  such 
cases  the  appearances  closely  resemble  those  in  pneumonia  and  pleurisy 
in  man,  and  the  exudation  contains  large  numbers  of  encapsuled  cocci. 
Pericarditis  also  mav  ensue.  These  results  show  that  the  effects  varv 
with  the  virulence  of  the  parasite  according  to  the  usual  rule  (p.  286). 
This  conclusion  may  be  illustrated  by  the  reaction  of  different  species 
of  animals.     In  those  least  immune  septicaemia  is  usual ;  in  those  more 
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immune  a  local  reaction,  such  as  acute  pneumonia.  When  the  virulence 
of  the  organism  is  very  low,  only  broncho-pneumonia  may  follow. 

The  inoculation  either  of  filtered  cultures  of  the  organism,  or  of  the 
serum  of  animals  vaccinated  with  them,  is  said  to  confer  a  temporary 
immunity.  Issaeff  asserts  that  the  cocci  thrive  in  cultures  treated  with 
the  "immunized  serum,"  showing  that  this  serum  is  not  bacteriolytic. 
It  apparently  possesses  "  opsonic  "  properties  (p.  294).  Sputum  before 
the  "  crisis  "  is  virulent ;  but  sputum  after  the  "  crisis  "  is  said  to  con- 
fer immunity  ;  in  other  words,  the  cocci  have  become  "attenuated." 

Besides  being  present  in  the  lung,  the  cocci  are  occasionally  found 
in  the  blood  and  spleen,  and  in  inflammations  arising  during  the  course 
of  pneumonia,  or  even  independently — pleurisy,  empyema,  meningitis, 
endocarditis,  peritonitis,  and  otitis  media.  Moreover,  it  appears  to  be 
an  occasional  denizen  of  the  mouth  and  nasal  cavities,  also  occurring  in 
the  saliva  and  in  the  middle  ear  of  healthy  people.  It  would  seem  that 
the  organism  remains  innocuous  until  some  circumstance,  such  as  chill, 


IHploeocci  pneumonia*  entangled  In  the  meshes  of  the  fibrinous  exudation.    From  ■  section  of 

e  upper  part  of  the  field  Is 


exhaustion,  or  intercurrent  disease,  enables  it  to  gain  a  footing  in  the 
tissues  and  manufacture  its  toxins.  Pneumonia  does  not  follow  inocu- 
lation in  the  lower  animals  unless  the  parasite  is  localized  in  the  lung. 
Salvioli  says  that  he  succeeded  in  inducing  lobar  pneumonia  in  guinea- 
pigs  by  intra-tracheal  injection  of  pneumonic  exudation  containing 
these  cocci ;  but  Fatichi  tailed  with  rabbits. 

When  pneumonia  runs  on  to  suppuration  and  gangrene  these  com- 
plications are  possibly  due  to  a  secondary  infection  by  the  Staphylo- 
coccus pyogenes  aureus  or  Streptococcus  pyogenes,  but  the  pneumo- 
eoccus  itself  is  a  "pyogenic"  organism. 

Oenbrcwpinal  Keninfltii. — The  Meningococcus  or  Diplococcus  intra- 
ce/lularia  meningitidis  was  originally  described  by  Weichselbaum,  and 
is  now  generally  recognized  as  the  cause  of  epidemic  cerebrospinal 
meningitis.  It  is  also  asserted  by  Still  to  produce  the  posterior  basic 
meningitis  of  infante.     It  is  a  diplococcus  without  a  capsule,  and  is 
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found   principally  within    the    multinuclear    leucocytes   nj 
exudation,  though  some  organisms  lie  free  in    the  fluid.      It  ha*  I* 
described  :tl>->  as  ooonrruig  rarely  in  blood,  pus,  conaoHdated  lmnj.i 
maol  mucus.     It  must  lie  borne  in  mind,  however,  that  sonwoanftd 
baa   :it  times  existed  between  this  organism  and  the  db> 
The  meningococcus  is  stained  by  the  ordinary  initbu  <!■■■ 
eolorizeil  by  dram's  method.      It  grows  well  on  Laeffler*a  bluud  aai 
forming  round,  whitish,   viscid-looking   colonies,  clearly   defined,  a 
attaining  a,  diameter  of  t — t  A  mm.  in  twenty-four  noun  (Connrilnm 
In  cultures  it  soon  dies  out,  hut  it  appears  capable  of  reaiath 
ami  is  easily  tarried  hy  currents  of  air.      This    I'aet    account-   tog  i 

P    occurrence  of  the  disease  in  epidemic  form.      Culture*  bjectad  l-'t 
the  spinal   meniliranes  of  goats  prodaoed    typical    meningitis.     Harra 
(quoted   by  Osier)  recommends  tor  the  isolation  of  the  on^tUtM  ! 
the  fluid  should  be  *'  plated"  with  alkaline  6  par  cent.  gfyoerJna  u. 
hy  which  mease  the  colonies  "!'  the    rneningoooooiia   may  l>e  m 
separated  from  other  organisms,  with  which  it  is  sometimes  lb I 
eiated.      In  chronic  cases  of  the  disease,  no  organism-  rnaj   be  lead  i 
the  cerebrospinal  fluid. 
Malta  Fever. — This  disease,  called  :iUi  Mediterranean,  or  uni 
fever,  ia caused  by  a  small  oval  coccus  (Jtfiwoooccwj  p» 
itiiI  by  Urine.      The  organism   may  occur  singly  or  in    | 
Bat  form  chain-.      It  i-  non-motile,  and  can  be  growi -lightly  A 
line  artificial  media.      It  is  deonlorited  by  dram's  method.      Tin-  xr 
of  patients  Buffering  from  Malta  fever  agglutinates  the  on  a 
it  m  considerably  dinted  (l  t200). 

Rheumatism. — Many  observers  have  found  organisms  m  the  bio 

!of  rheumatie  patients,  those  mosl  frequently  noted  being  streutooM 
These  organisms  were  first  described  by  Aperl  and  Tril It  I 
their  causal  relation  to  rheumatic  fever  has  been  carefully  invatogal 
In  this  country  by  Poynton  ami   Paine,     Injections  of  thea 
animal-  have  produced  articular  lesions,  endocarditis,  and  | 
mill   in   -nine  cases  spasmodic   twitching  of  muscles,   oupyosstl  B  ■ 
analogous  to  chorea.     The  specific  nature  of  these  organisms  and  ik  " 
relation  to  rheumatism  must  at  present  remain  undoodadi 
Fur  the  bacteriologj'  of  Syphilis,  see  (  hapter  X. 


Micrococci    ha 


i   descrilied    in    tfenrlatiiia,    M>  iu 
Variola,  Typhus   Ftver,     leui    1'Wfcw  JfreySf  s/1 
Ltrrr  (early  nfiu/e),   Hlioojtinff-tvugh,  ti 
diseases,    hm    the    evidence   in  favor  of  their  rtv 
relationship  to  the  rcsjieetive  diseases  is  not  sufiV" 
in  justify  a  description  of  them  here. 

Mier icci    which    divide    in  three  diameter*, 

righl  angles  to  each  oilier — Sarcins — arc  often  ft* 
in  vomit  from  stomach?  dilated  from  pyloric  oUtt 
thai  and  in  cases  i>t'  dvs|>cp.ia  I'nmi  chronic  catarrh  (Sitrrina  rmhv 
(Fig.  171);  in  tbe  bronchi  and  deeper  parts  of  the  lung*  in  phtl 
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Fio.  172. 


(Sarcina  pulmonum),  and  in  the  urine  (Sarcina  urince)  :  they  have  been 
seen  also  in  abscesses  and  in  blood.  Single  cocci  may  be  seen,  but  the 
majority  form  cubical  groups  of  four  (Fig.  171). 
S.  urinse  (2.5  ft)  is  larger  than  S.  ventriculi,  or 
than  the  fungus  of  this  shape  occurring  in  the 
lungs  (1  fi  to  1.5  //).  Sardine  may  occur  in  the 
stomach  without  appearing  in  the  urine  or  else- 
where. It  is  extremely  difficult  to  get  rid  of  these 
fungi  when  they  are  once  established.  The  nature 
of  the  decomjiosition  to  which  they  give  rise  is 
unknown. 


& 


/  % 
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Bacillus  anthracis  and 
Bacillus  typhosus,  to 
show  large  aise  of 
former.    X  500. 


Fio.  173. 


II.  Bacilli. — The  members  of  this  group  are 
straight  slender  rods,  the  ends  of  which  may  Ik»  rounded,  square,  or 
slightly  cupped.     They   multiply  by   transverse  division,  and   often 
grow  into  long,  jointed,  but  unbranched  filaments,  without  constrictions 
at  the  joints.     Formation  of  spores  has  been  detected  in  some  species. 

The  Bacilli  of  Tuberculosis,  Leprosy,  Glanders,  and  Bhinoscleroma 
are  described  in  separate  sections  dealing  with  these  diseases.  (See 
Chapter  X.) 

Bacillus  Anthracis. — The  bacillus  of  anthrax  or  splenic  fever  was 
the  first  bacterium  to  be  discovered  (Daviane,  1850),  and  was  for 
a  long  time  the  best  known  of  all  the  parasitic  fungi.  If  the  blood 
from  the  spleen  of  animals  that  have  died  from  this  disease  be 
examined,  enormous  numbers  of  these  organisms  will  be  found.  The 
bacilli  are  large  rods  averaging  about  8  //  long  by  rather  more  than  1  fi 
broad  (Fig.  172).  They  are  straight  and  motionless,  and  have  slightly 
concave  ends  (Fig.  173).  In  a  suitable  culture-material,  such  as  ordi- 
nary agar  or  gelatine  media,  with  a  plentiful  supply 
of  oxygen  and  a  temperature  of  between  65°  F.  and 
90°  F.,  the  rods  grow  into  long  interlacing  filaments 
grouped  into  convoluted  bundles  not  unlike  a  mass 
of  fine  hair.  In  these  filaments,  spores  may  be  formed 
at  regular  distances  ;  later  on  the  bacilli  break  up  and 
the  spores  are  set  free.  Under  favorable  circumstances 
these  grow  into  bacilli.  In  living  animals,  where  the 
supply  of  oxygen  is  not  sufficiently  plentiful,  the  long 
filaments  and  spores  are  not  found,  but  the  rods  multi- 
ply rapidly  by  division.  In  a  stal)-culture,  the  growth 
takes  the  form  of  an  innumerable  number  of  branched 
spikes  jutting  out  transversely  from  the  line  of  punc- 
ture (Fig.  174).  The  lmcilli  retain  the  stain  when 
treated  by  Gram's  method.  Thev  are  readilv  de- 
*t  roved,  succumbing  to  the  action  of  gastric  juice 
and  to  putrefaction  :  the  spores  are  unaffected  by 
either  of  these  influences,  and  are  among  the  most 
resistant  organisms  known.  They  may  be  sejMirated  by  filtration, 
washed  with  distilled  water,  alcohol,  and  ether,  and  then  dried ;  but, 
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notwithstanding  all  this,  they  will  still,  under  favorable  circumstances, 

develop  into  bacilli,  and,  when  inoculated,  give  rise  to  splenic  fever. 

The   products   of   the    anthrax-bacillus   have    been    already   discussed 
and   tabulate*!   (p.   27!)).     Other  facts  regarding  it 
Fio.  174.  have  l>een  given   in  the  earlier  ]>arts  of  the  present 

chapter. 

Animals  van1  enormously  in  their  susceptibility 
to  anthrax-bacilli.  Those  most  susceptible,  such  as 
white  mice  and  guinea-pigs,,  die  from  splenic  fever  u 
few  hours  after  inoculation  ;  whilst  those  least  sus- 
ceptible, such  as  white  rats  and  Algerian  sheep, 
remain  unaffected.  In  man,  who  is  to  a  moderate 
extent  susceptible,  the  disease  is  at  first  local,  but 
soon  becomes  generalized. 

In  tiuhiuil*  that  have  dial  of  splenic  fever,  the 
spleen  is  much  enlarged,  the  glands,  nearest  the 
point  of  entry,  are  swollen,  and  cloudy  swelling  is 
universally  present.  The  bacilli  exist  in  enormous 
numbers  in  the  capillaries  of  the  spleen,  and  to  a 
less  extent  in  those  of  the  lungs,  liver,  kidneys,  and 
intestine  (Fig.  154),  Numbers  of  bacilli  are  dis- 
charged from  the  body  in  the  urine,  twees,  and  blood 
flowing  In. ni  the  nose  and  mouth  of  the  animal  l>e- 
fbre  it  dies ;  thus  the  ground  in  its  neighborhood 
ln-coincs  covered  with  the  organisms  and  is,  there- 
fore, highly  infections.  In  warm  marshy  district* 
the  bacilli  multiply  and  sporulate.  The  sjmres  may 
lie  carried   by  water   or  other  means  to   meadows 

_   .„  7.     ,       where  anthrax  has  not  nreviouslv  occurred.     Sheep 

Bacillus      anthracls.  ,  .  ,     -  ,      *.  .,  i.  ' 

si»i)  culture  in  nu-  aiiti  cattle  are  infected  while  grazing.  Pasteur  enn- 
tri«ut  agar-agar.  sidered  that  the  moutlis  of  the  animals  were  wounded 
by  siliceous  grasses,  anil  believed  that  the  cuts  thu.- 
made  became  inocu!atc<l  with  bacilli  or  siwres.  In  favor  of  this  view 
he  (piotes  the  frequent  swelling  of  the  i'ervical  glands  in  sheep  affected 
by  this  disease ;  but  both  animals  ami  man  are  frequently  injected  bv 
insects  which  bite  them  on  the  face.  According  to  Koch,  the  intes- 
tine is  the  commonest  seat  of  infection. 

If  the  bodies  of  the  dead  animals  are  buried  at  a  ilepth  of  one 


metre  or  more,  where  thor 
no  development  of  spore; 

In  mnn   infection  may  o« 
the  mucous  membrane. 

(1)  Inflation  through  the 
with  raw  hides.     The  b     "" 
(malignant  pmttiifr),  con 
rounded  bv  vesicles  and 


is  neither  oxygen  nor  a  suitable  teni]>eratutv, 

iceurs  and  the  bacilli  die. 

occur  (1)  through  the  skin,  and  (2)  through 

<kin 


iirti  especially  iu  those  who  work 
■illi  give  rise  to  a  characteristic  local  lesion 
<ting  of  a  central,  black,  necrosed  area  sur- 
hypenemie  stone,  the  base  of  the  whole  n 


being  redematous.     If  the  pustule  lie  excised  at  an  early  stage,  the 
generalization  of  the  disease  may  be  prevented,  although  ones  are  on 
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record  in  which  a  month  after  excision  of  the  pustule  such  patients 
were  still  eliminating  bacilli  in  the  urine. 

(2)  Infection  not  infrequently  occurs  through  the  mucous  membrane, 
especially  the  respiratory  (woolsoriers9  disease),  from  inhalation  of  spores 
or  bacilli  with  the  dust  from  infected  wool.  In  these  cases  the  local 
lesions  occur  in  the  mucous  membrane  of  the  large  bronchial  tubes. 
Considerable  swelling  of  the  bronchial  and  mediastinal  glands  follows, 
and  not  infrequently  effusions  of  fluid  may  occur  iuto  the  pleura  or 
pericardium.  Such  patients  die  more  rapidly  than  in  the  case  of 
malignant  pustule,  with  symptoms  of  acute  septic  ]X)isoning,  though 
after  death  but  few  bacilli  can  be  found  in  distant  organs. 

Immunization. — Pasteur  cultivated  the  bacilli  for  twenty  days  at  a 
temperature  of  108°  F.  and  inoculated  sheep  and  cattle  with  the  result- 
ing organisms,  later  on  repeating  the  inoculation  with  less  attenuated 
bacilli,  and  finally  with  ordinary  vim  lent  cultures.  In  this  way  he 
rendered  many  animals  for  a  time  immune.  The  method  is,  however, 
open  to  the  disadvantage  that  an  appreciable  proportion  of  the  animals 
thus  treated  died  of  splenic  fever.  A  safer  method  is  to  inject  the 
animal  first  with  some  "  immune "  serum  along  with  the  attenuated 
bacilli  (Sol>ernheim).  The  attenuation  of  anthrax-bacilli  has  also 
been  brought  about  in  other  ways — by  cultivation  under  a  pressure  of 
eight  atmospheres,  by  the  addition  of  small  quantities  of  antiseptics  to 
the  culture-medium,  or  by  the  passage  of  the  organisms  through  the 
bodies  of  certain  animals.  The  attenuation  is  not  accompanied  by  any 
morphological  change,  and  the  virulence  of  the  bacilli  may  be  restored 
at  any  time.  Some  good  results  are  recorded  in  eases  of  anthrax 
in  human  beings  from  the  use  of  anti-anthrax  serum  ;  it  is  not  quite 
clear  whether  this  is  mainly  antibacterial  or  antitoxic. 

Bacillus  Typhosus. — This  organism,  which  is  sometimes  spoken  of 
as  Eberth's  bacillus,  is  the  causal  agent  of  typhoid  fever.  (See  Chapter 
XI.)  The  bacilli  can,  with  some  difficulty,  be  found  during  life  in 
the  fa?ees,  spleen  (obtained  by  puncture),  and  urine.  After  death,  if 
the  parts  are  removed  without  delay,  the  organisms  can  be  easily  dis- 
covered in  the  spleen,  liver,  mesenteric  glands,  kidneys,  and  recent 
lesions  in  the  intestines.  Their  presence  can  be  more  readily  ascer- 
tained by  inoculating  a  culture-ground  with  a  piece  of  the  suspected 
organ,  preferably  the  spleen  or  liver,  than  by  examining  stained  sec- 
tions under  the  microscope. 

In  appearance  typhoid-bacilli  are  not  unlike  tubercle-bacilli.  Their 
breadth  is  about  a  third  of  their  length,  which  varies  between  2  ft  and 
3  //.  Thus,  they  are  a  little  thicker  than  tubercle-bacilli,  while  their 
ends  are  distinctly  rounded.  They  stain  slowly  with  aniline  dyes,  and 
part  with  color  easily.  The  best  stains  are  probably  Loeffler's  meth- 
ylene-blue  and  Ziehl's  fuchsin  stain  (p.  ttOl).  They  do  not  retain  the 
color  when  treated  by  Gram's  method.  Clear  spaces  often  occupy  the 
centre  of  the  rods.  There  is  some  doubt  as  of  the  formation  of  spores. 
A  typhoid-bacillus,  when  stained  by  special  methods,  appears  envel- 
oped by  a  thick  capsule.     In  intimate  connection  with  this  capsule, 
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apparently  composed  of  the  same  substance,  ami  dtstribnttd  ovrr  ite 
ttnole   surface,   are   the    uagidla,   right   to   twelve    ii>    number,  virntg 

much  in  length  and  thickness.      Sometimes  they  :in 

iInui  the  parasite  itself.     Some  of  the  bacilli  bare  only  a  >inglc 
linn  at  one  end  (Fig.  I  75). 

Cultures  can  be  readily  obtained,  The  ofganiau  thrives  is  a9 
which  it  dues  not  coagulate,  and  can  even  multiply  for  a  short  timrin 
sterilised  drinking-water — points  of  practical  importance.  It  thrives  fcaa 
attbc body-temperature,  but  willgrow  readily  at  60  !■  [tdoee 
peptone-gelatine,  hut  a  K/o'o-eultiire  upj>caivon  the  surface  a.~  a  tlav-jireiii- 
ing,  white  film,  with  a  wavy  margin,  and  marks  the  line  of  puncturr Is-i 
growth  with  an  irregularly  wavy  outline.  A  ^rMUt-cahtmonaahai 
(Fig.  176)  forms  a  uarrow  white  lin<'  along  the  track  of  the  needle.  IlM 
mainly  aerobic.  Potato-culturc<  of  this  bacillus  are  almost  invl-ihle:  iiu 
fact  is  utilized  in  the  recognition  of  the  organism.    Thus,  if  a  fn*bpMib» 

!■'",  [7*. 


trpbat 
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culture  be  incubated  for  forty-eight  hour-,  no  mmdA  rita 
if  surface-scrapings  be  then  taken,  stained,  and  examined 
bacilli  will  I*'  easily  found.      Many  peculiarities  of  grown1 
in  order  to  distinguish  il  from  oiln  r  l.;icteria,  e-|«-ci;ill»   ■■ 
conununw,  which   ii  closely  resembles  Isith   morphologically  ni  ■"  W 
mode  of  growth  and   habitat.     Thus  acid-products,  but 
formed  in  bouillon-cultures,  while  most  bacilli,  occurring  under  ml 
conditions,  form  indol.      Another  suggested  test  depends  on  the 
which    this   organism    possesses  of  nhmrhing  [Ac  color,  urban    tad] 
on  a  gelatine-medium   stained   with    gentian-violet,    tl 
gelatine  colorless.     Still  another  i.-  founded  on  a  Blight  indifference 
the  organisms  show  to  the  action  of  carbolic  arid.      Thus, 
quantity  of  carbolic  and  (2..i  per  10011)  !*•  added  to  ■  nu 
organisms,    tin-   growth   of  most    will   be  arrested,  but    thai 
tt/pfumi*  and  the    Ii.  ••"Ii  oommmiw  will  continue.      The  chief  i 
which  the  latter  organism  can  he  distinguished  from  the  typboid-bacilhn 
are  tabulated  00  page  321. 
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According  to  Sternberg,  ten  minutes*  exposure  to  moist  heat  at 
140°  F.  destroys  typhoid-bacilli.  They  are  also  killed  in  about  the 
same  time  by  the  action  of  gastric  juice. 

Inoculation  has  hitherto  been  only  partially  successful.  It  is  doubt- 
ful if  any  animal  is  susceptible  to  typhoid  fever  as  we  know  it  in  man. 
Rabbits,  dogs,  and  mice  have  been  inoculated,  and  have  died  in  thirty- 
six  hours  with  symptoms  of  general  septicaemia;  but  though,  when 
virulent  cultures  are  used,  an  enlarged  spleen  and  swollen  Peyer's 
patches  have  been  very  generally  found,  the  disease  never  runs  a  longer 
course,  nor  is  there  ever  any  characteristic  ulceration.  Very  rarely 
suppuration  may  be  due  to  this  organism,  e.  g.9  periostitis,  though  in 
most  cases  in  which  pus  occurs  in  typhoid  fever  it  has  been  found  to 
contain  other  organisms.  There  is  a  marked  difference  in  the  effects 
produced  if  the  filtered  products  be  alone  injected.  These  give  rise  to 
no  marked  lesion  tayoncl  fatty  degeneration  of  the  heart  (S.  Martin). 
If  the  dead  bodies  of  the  bacilli  be  also  injected,  the  effect  is  much  more 
marked.  The  toxines  of  the  bacillus  are,  therefore,  in  all  probability 
intracellular;  but  their  real  nature  is  unknown.  They  appear  to  exert 
their  effects  specially  on  the  lymphoid  cells,  as  is  seen  in  the  necrosis 
of  Peyer's  patches,  the  enlargement  of  the  spleen,  and  the  diminu- 
tion in  the  number  of  leucocytes  in  the  blood  which  accompanies  the 
disease. 

Typhoid-bacilli  leave  the  body  of  an  infected  person  in  the  faeces 
and  urine.  They  m:iy  be  conveyed  to  other  susceptible  host**  by 
drinking-water  or  by  food  (uncooked),  and  they  may  probably  l>e 
carried  directly  by  the  air  to  the  mouth  or  respiratory  jiassages. 
Oysters  and  other  shell-fish  may  be  contaminated  with  sewage  con- 
taining typhoid  excreta,  and  may  thus,  when  eaten  raw,  give  rise  to 
the  disease. 

It  is  generally  stated  that  the  bacilli  settle  in  the  lymphoid  tissue 
of  the  intestine,  giving  rise  to  local  lesions,  and  there  forming  toxines. 
Against  this  view  must  be  set  the  fact  that  the  organisms  can  generally 
be  found  in  the  blood  in  the  early  stages  of  the  illness,  suggesting  that 
the  condition  is  a  "  septicaemia "  or  generalized  infection,  the  toxines 
especially  affecting  the  lymphoid  tissue  of  the  intestine. 

Immunization. — It  has  been  rej>catedly  shown  that  mice,  guinea- 
pigs  and  other  animals  can  be  immunized  against  the  effects  of  the 
typhoid-bacillus  by  the  sulx'iitaneous  injection  of  dead  cultures  of  the 
organism.  It  has  also  l>een  shown  that,  although  the  animals  can  Ik?  thus 
protected  against  the  action  of  typhoid-bacilli,  they  art1  not  protected 
against  the  effects  produced  by  the  injection  of  the  toxines  derived 
from  the  bacilli.  In  the  same  way,  while  the  serum  of  healthy  persons  is 
somewhat  inimical  to  typhoid-bacilli,  that  of  convalescents  from  typhoid 
fever  has  been  found  to  have  a  far  more  marked  action.  That  this  serum 
is  antimicrobic  and  not  antitoxic  has  been  shown,  among  others,  by 
Pfeiffer,  who  added  to  the  toxines  scrum  from  jhtsoiis  convalescent 
from  typhoid  fever,  and  injected  the  mixture  into  guinea-pigs,  at  the 
same  time  injecting  a  corresponding  scries  of  guinea-pigs  with   the 
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typhoid  toxine  alone.  The  results  in  both  series  were  precisely  similar. 
The  results  obtained  in  enteric  fever  by  the  use  of  antityphoid  serum 
prepared  from  animals  have  been  disappointing. 

It  has  been  found  that  if  the  serum  of  animals  immunized  to  the 
typhoid-bacillus,  or  of  persons  convalescent  from  typhoid  fever,  be 
added  to  an  active  culture  of  typhoid-bacilli,  the  organisms  lose  their 
mobility  and  become  aggregated  into  clumps  of  various  sizes  ( MldaPs 
reaction).  Their  vitality  is,  however,  not  destroyed,  although  their 
virulence  is  apparently  diminished.  This  "  agglutination-reaction " 
(see  p.  298)  is  much  used  as  an  aid  in  diagnosis.  For  this  purpose  it 
is  necessary  to  withdraw  a  small  portion  of  the  blood  of  the  suspected 
patient,  and  to  observe  the  effect  produced  by  the  serum  thence  obtained 
upon  the  bacilli  contained  in  a  selected  culture.  In  order  to  ensure 
reliable  results  it  is  necessary  that  the  typhoid  bacilli  be  carefully 
selected  and  as  carefully  reared  ;  and,  on  the  other  hand,  that  the  serum 
be  diluted  at  least  twenty  times,  and  the  diagnosis  based  on  the  appear- 
ances observed  within  the  first  twenty  minutes  of  preparing  the  mixture, 
as  normal  serum,  without  these  precautions,  may  give  a  similar  reac- 
tion. More  trustworthy  results  are  obtained  by  still  further  diluting 
the  serum  (1 :  50)  and  allowing  a  time-limit  of  half  an  hour. 

As  a  protective  vaccination  against  typhoid  fever,  dead  cultures, 
similar  to  those  injected  into  animals  for  the  purpose  of  immunization, 
are  employed  (Wright).  A  local  inflammatory  action  with  slight  fever 
generally  results.  As  one  attack  of  the  disease  does  not  produce 
immunity  to  subsequent  infection,  it  is  not  to  be  expected  that  entire 
protection  will  be  conferred  by  inoculation ;  but  statistics  are  in  favor 
of  the  method  as  conferring  some  degree  of  immunity. 

Bacillus  Ooli  Communis.  {Bacterium  coli  commune.) — This  bacillus  Is 
a  common  denizen  of  the  intestine,  and  especially  of  the  neighborhood 
of  the  caecum.  It  is  also  found  in  the  mouth,  and  occasionally  in  other 
parts.  It  very  rarely  occurs  alone.  In  size,  in  shape,  in  the  ])ossession  of 
flagella,  and  in  staining-reactions,  this  organism  very  closely  resembles 
tliat  of  typhoid  fever.  According  to  some  observers,  the  B.  coli  com- 
munis has  fewer  flagella,  but  this  supposed  j>eculiarity  is  certainly  not 
constant.  There  is  a  tendency  for  the  bacilli  to  occur  in  pairs,  and, 
when  cultivated,  in  short  threads.  This  organism  probably  does  not 
form  s|K>res.  It  is  mainly  aerobic,  and  seems  to  have  a  slight  power  of 
active  movement.  Like  the  typhoid-bacillus,  it  grows  best  in  acid  media ; 
but  the  surface-colonies  are  larger,  denser,  and  more  glistening,  as  well 
as  of  a  pale  brownish  tint ;  while  a  streak-culture  forms  a  broad  dense 
growth  stretching  out  on  both  sides  of  the  track  (Fig.  177).  In 
gelatine  stab-cultures  it  assumes  the  form  of  an  irregularly  encrusted 
stick,  with  small  outgrowths  here  and  there,  but  without  tapering  in 
either  direction. 

There  can  be  no  doubt,  on  the  one  hand,  that  this  organism  exists 
in  perfectly  healthy  intestine ;  nor  any  doubt,  on  the  other,  that  it  is 
met  with  in  a  large  number  of  morbid  conditions.  Thus,  it  may 
apparently  give  rise  to  otitis  media,  to  osteitis  or  periostitis,  and  to 
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general  suppurative  peritonitis.     It  appears  to  vary  much  in  virulence 
according  to  circumstances. 

The  munt  important  distinctions  between  the  B.  typkomut  and  the 
B.  <-"li  commuaut  may  be  thus  tabulated  : 


B.  typhoeua. 

.  Actively  motile. 

-  When  "streaked"  on  surface  of  gela- 
tine forms  a  narrow  white  line  of 
growth  along  the  track  of  the  needle 
(Fig.  178). 

■-  Id  gelatine  "shake  culture"  produces 


logas. 


i   aim 


4.  On  potato  forms 

transparent  white  nun. 
ft.  Does  not  curdle  milk. 

6.  Does    not   produce  todol   in    pep 

broth-cultures. 

7.  Besets  with  serum  from  patients 

typhoid  fever. 

Fig.  176. 


<ible 


B.coti 

1.  (Sluggishly  motile. 

2.  When  "streaked"  on  surface  of  gela- 

tine forms  a  broad  dense  growth 
Hpreading  out  on  both  rides  of  the 
track  (Fig.  177). 

3.  In  gelatine  "shake-culture"  produces 

bubbles  of  gas. 

4.  On  iiotato  forms  a  thick  slimy  yellow- 

ish or  brownish  growth. 

5.  Curdles  milk  in  about  48  houis. 

6.  Produces   indot  in    peptone-broth-cul- 


St  It-all -rlillure  a 


The  Paratyphoid  Bacillus  is  an  organism  belonging  to  the  same 
group  as  the  typhoid-bacillus  and  the  B.  <-oli,  but  differing  slightly 
from  both  of  these.     It  is  capable  of  producing  a  disease  almost  exactly 


I 
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resembling  euteric  fever,  from  which  it  is  di-nngui-hcd   mainly  \i\ 
lit  ill  i  it  lit'  tli.'  patient's  serum  to  exhibit  the  agglatinatio 
typhoid  bacilli.      Two  varieties  of  the  organism  urn  dcscriitid. 
Bacillus  Diphtheria. — In  1883  Klebs  drew  attention   to  I 
which  he  had  found  constantly  present  in  diphtheritic  membrane, 
the  following  year  Loffler  published  an  account  of  Ha  inornboltigj 
cultivation,  together  with  result.*  obtained  by  inoculation,     ui ' 
is  therefore  often  called  the  KMm-lsrjjier  (uu-ithu. 

The  bacillus  is  to  be  found  in  nearly  all  cases  *  diagnosed  da 
as  diphtheria,  as  well  as  in  some  nasal  discharges,  unci  not  infrequent. 
on  tlie  fauces  of  otherwise  healthy  persons.     In  diphtberia  it  is  nsud 
limited  to  the  false  membrane  and  its  neighborhood, 
abundantly  in  the  more  superficial  parts  of  the  membrane;  H  i1 
rare  occasions  iu  which  it  has  been  found  in  an   internal  organ,  jl 
probably  reached  it  from  the  blood-stream,  u-  which  it  may  have  gai 
access  only  a  few  hours  In-fore  death.     Its  presence  in  the  niemlir 
can  be  made  out  during  all  stages  of  the  disease  ;  ami  the  cxaniii*! 
of  scrapings  from  the  mucous  surface  of  the  month  show 
continue  to  live  (or  many  weeks  after  the  fever  lias  disappeared.    Bw 
having  a  close  morphological  resemblance  to  it  seem  to  lie  occasion 

present  in  the  n ths  of  healthy  individuals,  as  well  as  org 

even  the  same  culture-results  as  the  diphtheria-bacillus.  The  tr 
pmtdo-diphiheria-bacitlua  is  applied  to  these  forms,  some  of  ■■ 
any  rate,  seem  just  as  pat  in  igenie  as  the  more  orthodox  organism.  8*f 
taken  from  diphtheritic  membrane  can  lie  cultivated  through  inanyuri 
era  t  ions,  and  after  an  interval  of  some  months  are  still  capable,  win 
inoculated,  of  giving  rise  to  the  original  disease — not  mi-rely  to  the  k 
mllammaiion  and  membrane,  but  also  to  the  subsequent  paralyak 

The  diphtheria-bacillus  is  generally  rather  shorter  and  thicker  ua 

the  tuberole-baoUlus,     It  is  usually  from  1.5  ;i  to  2."i  /<  long,  nd  in 

a  third  as  broad.      It  may  occasionally  attain 

Fio.  178.  length  of  fi   n  to  8   it,  both   in    tin-   RMUOtMM  ■ 

in  cultures,      Its    gbape   is   not    il 

mmetunes  the  ends  are  thicker  than  tlie  centi 

and  someti s    the  centre    than    tin 

latter  are  rounded.     The  bacilli  not  infrequent 
contain  a   row  of  two  or  three  highly  refr, 
areas,  the  nature  of  which   is   unknown.     Id 
probability  they  arc  not  spores.     The  nrpuutfi 
believed   to   multiply  by  fission    only.      It  ar 
forms    long    thread-;    if    is  motion 
diphtheria'  slain-   readily  with   noil 
retains   the   stain   when    treated    by  Gram's  method.     Hi 
exhibit  a  tendency  to  "  polar  staining,"  which  has  l»i  D 
observen  to  I*'  very  characteristic  of  this  bacillus. 

The  organism  can  tie  cultivated  in  many  media.     It  doi 

.if  "  diphtbcrU  "  to  I  hose  o»«.-»  in  which  it  en 
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gelatine.     It  grows  well  id  milk ;  but  the  most  frequently  employed 
culture-ground   is   blood-serum.      A   minute   portion   of    membrane 


B«cll1in  dliihtbfi 
Ptre*k-Fiiltunt  r 
Mornl-tenim.  ILat- 


transferrcd  to  this  will  develop,  in  the  course  of 
twenty-four  hours,  small  gray  elevated  discs  with 
pale  circumferences  (Fig.  1 80).  In  secondary  cul- 
tures these  show  a  tendency  to  become  arranged  in 
lines  (Fig.  179).  Growth  can  take  place  at  any 
temperature  Iwtwcen  70°  F.  and  108°  F.,  but  is 
most  luxuriant  when  it  remains  between  92°  and 
99°  P.  Moist  heat  of  140°  F.  is  rapidly  fatal,  but 
dry  heat  at  '208°  F.  may  take  an  hour  to  destroy  the 
organism.  A  free  supply  of  oxygen  encourages,  but 
is  not  essential  to,  its  growth.  There  is  no  difficulty 
in  maintaining  the  virulence  of  the  organism  during  cultivation  ;  but  if 
a  culture  be  left  undisturbed  for  some  months  its  virulence  diminishes, 
and  this  result  follows  more  rapidly  if  it  be  allowed  to  become  acid. 
In  either  case  replantation  into  a  fresh  culture-ground  rapidly  restores 
the  virulence.  The  organism  resists  drying  to  a  much  greater  extent 
titan  is  usual  in  bacilli  which  do  not  form  spores.  If  a  specimen  be 
dried  and  kept  dry  for  six  months,  it  will  grow  as  soon  as  it  is  placed 
under  favorable  conditions.  This  point  in  of  great  practical  importance, 
and  emphasizes  the  necessity  for  thorough  disinfection.  Cultivation  of  the 
organism  in  the  presence  of  sewer-gas  does  not  increase  its  virulence 
(Shuttock).  The  accredited  influence  of  sewer-gas  in  the  production 
of  diphtheria  must  therefore  de[>end  upon  its  direct  effect  upon  the  host. 
From  the  foregoing  account  it  will  be  seen  that  the  requirements  of 
the  organism  as  regards  air,  temj^rature,  and  moisture  are  admirably 
provided  for  in  the  mouth  and  upper  air-passages.  Moreover,  they  are 
supplemented  by  the  co-operation  of  various  cocci,  especially  the  pyo- 
genic varieties,  which  are  always  ready  to  hand.     The  spread  of  the 
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membrane  inward  is  probably  due  partly  to  the  more  suitabli 
ture  and  partly  to  the  force  of  inspiration.     The  oat  is  the  onl; 
besides  man  that  is  liable  tn  true  diphtheria. 

In  1890,  by  means  of  filtration  through  porcelain,  and  snbatM 
preeipitatioD  with  absolute  alcohol,  Rons  and  Yersin  succeeded  ia  twin- 
ing,  from  cultures  of  the  organism,  a  poison  which,  if  bie 
■nimala  in  large  doeeS]  caused  prostration  ant  I  death,  hut,  if  in  null 
doses  only,  paralysis  and  albuminuria  (in  rabbits  mi  the  tilth  day).  In 
00  ease  was  any  membrane  formed.  It  was  also  noted  that  tbcaddirioo. 
of  acid  to  the  poison  rendered  i(  harmless.  They  believed  this  pwuei 
to  be  an  "  unformed  ferment." 

Two  years  later,  by  very  .similar  procedures,  Sidney  Martin  sepiniled 
identical  series  of  eubatsooes  (1)  from  the  tissues  of  jiers-m..  dead  i»f 
diphtheria;  and  (2)  from  cultures  of  i lu-  organism  on  media  rliwly 
resembling    the    tisanes    in    chemical    composition.      This    ■ 
sisted  of  betero-atbumose,  probxJbomose,  dnitrm  nlhnmoar,  sod  a*1 
organic  aeid.     Of  these,  the  first  was  only  to  be  obtained  fmra  da* 
membrane  and  the  last  from  the  tissues ;  the  proto-  and  iliaalmi  it— 
moses  were  present  in  both  membrane  and   tissues.      Martin 
that  the  factory  of  the  albutnoses  was   the  tissues,  and  e-pecially  tb»* 
spleen,  ami   that   luil    little  was  formed  at    the  site  of  the  mrrabran**- 
He  regarded  all  the  products  as  the  result  of  a  ferment  produced  aitW* 
seat  ot  the  local  itisea.se,  and  thence  entering  the  riranlatioB, 
sitlentl  that  thf  jwiralytic  effects  were  due  to  tlie  action  of  the  all 
on   the   peripheral    nerves,   which  caused    breaking  up  of  the  mvdiiae— 
.sheath,  and  more  or  less  thinning  and  even  disappearance  of  tlir  lian*"" 
cylinder  ;    fatty  degeneration   of  the  heart  ami  voluntary  muscles  waaa* 
also  found. 

The  nature  of  the  toxinea  is,  however,  only  partly  known.  Il  p***1 
certain  that  toxines  can  Ik-  formed  even  when  the  bacilli  an*  P"11^^^ 
in  ■  medium  free  from  proteid  ;  while  other  observer-  have  -.■pir.ii- 
from  cultures  a  toxic  body  giving  no  proteid  reactions.  It  is  po»iMr— ■ 
therefore,  that  the  bodies  which  Martin  separated  only  contain*!  uW  '* 
toxines,  and  that  these  have  not  yet  been  isolated  and  described 

Immunization, — Another  step  in  advance  was  made  ii 
(1892)  by  Behring,  who  drew  attention  to  the  acquired  imi 
which  ooutd  be  obtained  against  these  diphtheria-bacilli.  He  de«  rib""  ■"* 
four  way-  by  which  animals  could  be  rendered  immune.  He  hy/ru-"  "" 
( 1 )  cultures  of  the  bacillus  attenuated  by  heat ;  (2)  cultures  aBanaaManaaaa 
by  the  addition  of  trichloride  of  iodine;  (3)  the  pleural  exudation «■*•"■ 
snimnls  dead  of  experimental  diphtheria  ;  or  (4)  a  dose  of  virus**"** 
diphtheria-bacilli,  followed  by  one  of  trichloride  of  iodine 
showed  that  the  addition  of  some  serum,  from  an  animal  thus 
nixed,  to  an  ordinary  culture  of  the 
action  of  the  bacilli  but  neutralized  the 
injected,  it  was  found  to  lie    mnociiou.-. 

when  he  showed  that,  if  a   fatal   dose  of  diphtheria   poison 
injected,   it    could    l>e   neutralized   \>\    a   subsequent   injection  of  u» 


ua,  from  an  animal    thus  inttW"" " 
organism    not   mil;. 
the  poison  as  well,  BO  thal,fnB* 
is.      The  fiual  stage  was  rwdjJ     J 
1  of  diphtheria   poison  bad  UR*      J 
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"immunized  serum."  A  good  deal  was  found  to  depend  upon  the 
method  employed  for  rendering  immune  the  animal  from  which  the 
serum  was  taken.  Within  certain  limits,  the  injection  of  small  amounts, 
spread  over  a  long  period,  was  found  to  give  the  best  results.  -  In  cases 
in  which  only  the  filtered  culture  and  not  the  actual  bacilli  are  em- 
ployed, the  dose  of  serum  required  is  found  to  vary  not  only  with  that 
of  the  poison,  but  also  with  the  body-weight  and  possibly  writh  the 
species  of  animal  employed.  Again,  the  doses  requisite  depend  upon 
the  interval  between  the  two  injections.  These  results  have  led 
to  the  extensive  use  of  the  immunized  serum  for  therapeutic  purposes ; 
these  have  been  more  fully  referred  to  in  the  section  on  Immunity 
(p.  287). 

Bacillus  of  Influenza. — In  1892  Pfeiffer,  Kitasato,  and  Canon  suc- 
ceeded in  finding  a  minute  bacillus,  which  is  now  generally  believed  to 
l>e  the  cause  of  this  disease.  It  is  extremely  minute,  measuring  0.3  /i 
by  0.1  ft.  It  stains  with  Ziehl's  and  Ijdffler's  fluids  ;  the  ends  take  the 
stain  best,  and  thus  the  organism  often  looks  like  a  diplococcus.  It 
does  not  retain  the  stain  when  treated  by  Gram's  method.  It 
occurs  singly,  in  pairs,  and  in  short  chains.  It  is  non-motile  and  does 
not  form  spores.  Large  numbers  have  been  found  in  the  bronchial 
secretion  :  they  persist  for  some  weeks  after  the  catarrh.  It  has  been 
found  in  the  peribronchial  tissue,  and  on  rare  occasions  in  the  blood. 
Complications  in  influenza  are  generally  associated  with  the  presence 
of  other  bacteria. 

Pure  cultures  are  not  easily  obtained.  On  sugar-agar  these  appear 
as  small,  discrete,  transparent  globules  visible  only  with  a  lens.  The 
bacillus  is  aerobic,  grows  best  at  the  body  temj>erature,  and  is  easily 
destroyed  by  drying. 

Local  inunction  of  pure  cultures  into  the  respiratory  mucous  mem- 
brane of  monkeys  and  rabbits  is  followed  by  the  characteristic  symp- 
toms, but  as  the  bacilli  do  not  multiply  in  any  of  the  lower  animals, 
the  resulting  condition  is  probably  due  to  the  absorption  of  toxines. 

Bacillus  of  Plague.  (Bubonic  Fever.) — Kitasato  and  Yersin  dis- 
covered this  bacillus  during  an  epidemic  at  Hong  Kong  in  1894. 

They  succeeded  in  finding  bacilli  in  the  blood,  buboes,  and  internal 
organs,  especially  the  lungs  of  the  plague-stricken  patients.  The 
organisms  stained  readily  with  the  usual  reagents ;  they  had  rounded 
ends,  which  appeared  darker  than  the  central  parts ;  they  ]x>ssessed 
flagella  and  slight  power  of  movement.  No  spores  were  discovered. 
The  organisms  were  easily  destroyed  by  sunlight,  heat,  carbolic  acid, 
and  quicklime,  but  resisted  drying  for  four  days.  Similar  organisms 
were  never  found  in  healthy  persons  or  in  those  suffering  from  any 
other  disease. 

Cultures  were  obtained  on  blood-serum,  glycerine-agar,  and  other 
media.  The  colonies  were  whitish-gray,  rounded  patches,  with  uneven 
edges.     In  the  cultures  the  bacilli  often  formed  long  threads. 

Mice,  rats,  guinea-pigs,  rabbits,  and  monkeys,  if  inoculated  with 
pure  cultures  or  with  blood  from  patients,  succumbed  with  a  constant 
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sequence  of  symptoms.  Roughly  speaking,  these  tppear  to  b*< 
sponded  tn  those  in  mun,  though  the  enlargement  of  the  g!.  i 
pot  seem  to  have  been  so  marked.    The  bacilli  wen  found  in  tl 

glands,  and  organs  of  these  animals.      Pigeons  are  inn 1. 

fed  with  the  organism  or  infected   lil<»sl  died  in  the  maw  «M) 

inoculated  ;  ami  in  man  infection  is  stated  to  occur  by  the  alimcnbn 

tract.      The  position  of  the  bubo  in  the  groin,  bowi 

entrance  by  the  skin  of  the  legs.     The  disease   bu 

veyed  from  one  district  to  another  by  mean-  of  infected  rats. 

That  the  bacillus  is  theoaUBeof  il»'  disease  ma  wfBcientlf  i 
the  death  from  plague  of  an  attendant  in  a  laboratory  at  \  m  i 
experiment-  wen-  being  carried  out  on  Borne  cultures  sent  Iron  In.Ii». 

Iiiiiiiuiih'ifion. — Rabbits  have  been  rendered  tm n*  bj  the  injre- 

tioti  of  sterilized  cultures,  ami  an  an  ti  plague  serum  has  bets  |UT|and 
from  horn-  treated  in  a  similar  manner  (Yersin).     An  antitoxj 
has   also   been    prepared    (Lnstig),      Hatfkinc's  [i,;-rrntlrr    m-- '  ■ 
which  is  better  known,  consists   in    the  injection  of  a    Uniilloii  "!■■- 

Bteriliaed  by  azpoatm  to  TO0  C.  for  one  hoar, 

B&cillus  of  Tetanus, — In   1884  it  Was  shown  thai   tetaam 


Btclllui  of  telimut. 


inoculable  disease.  In  the  same  year  a  special  bacillus  was  boons- 
Int  it  was  not  isolated  and  cultivated  until  1889.  Kitasato  «p*-j 
plished  these  results  by  heating  the  impure  cultures  of  pus,  obuia^ 
from  the  original  wound,  to  a  temperature  of  80°  C,  and  then  **^ 
hating  the  residue  in  an  atmosphere  of  hydrogen. 

The  size  of  the  bacillus  is  from  3  fi  to  5 x 0.4  p.     The  tociltiuT* 
often  arranged  in  longer  spiral  threads.    Spores  are  often  found.    TWr* 
occupy  one  end  of  the  bacillus,  and  being  two  to  four  times  thi 
etcr  of  the  organism,  give  it  the  appearance  of  a  miniature  drum-did£ 
(Fig.  181 ).     Flagella  are  attached  to  the  ends  and  sides,  but  tl 
ism  is  only  slightly  motile.      The  bacillus  can  be   stained   l>y  the  e 
methods.      Its  habitat  seems  to  be  die  superficial   soil,  especially  % 
mixed  with  manure',  from  which  it  can  often  l«  obtained. 
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It  can  be  readily  cultivated  if  great  care  be  taken  to  exclude  oxygen  ; 
this  bacillus  and  that  of  malignant  oedema  are  the  two  most  prominent 
examples  of  anaerobic  organisms.  It  can  be  separated 
from  the  other  organisms  with  which  it  usually  occurs 
by  beating  the  impure  culture  to  80°  C,  which  will 
kill  all  the  organisms  but  the  spores  of  the  tetanus- 
bacillus.  The  organism  liquefies  gelatine  slowly,  and 
grows  only  beneath  the  surface,  forming  thin  waved 
lines  radiating  from  the  puncture-track.  The  most 
ratable  temperature  is  97°  F.  to  100°  F.  The  cul- 
tures have  a  characteristic  odor  and  appearance  (Fig. 
182),  The  spores  are  noted  for  the  great  resisting 
power  they  show  to  the  ordinary  methods  of  destruc- 
tion. Thus,  they  have  been  known  to  resist  success- 
fully boiling  for  five  minutes,  drying  for  five  months, 
and  immersion  in  carbolic  acid  (1  :  20)  for  ten  hours, 
and  in  mercuric  chloride  (1  :  1000)  for  three  hours. 
Fifteen  minutes'  boiling  is  invariably  fatal.  For  a  long 
time  all  attempts  at  attenuation  failed,  but  it  has  been 
shown  by  Tizzoni  and  Cattani  that  attenuation  results 
from  (1)  the  exposure  to  the  air  of  spores  on  threads ; 
and  (2)  the  preservation  of  cultures  in  various  gases 
for  long  periods — generally  over  a  year. 

The  constant  presence  of  the  bacillus  in  cases  of 
tetanus,  and  the  possibility  of  purifying  it  by  cultiva- 
tion having- been  established,  it  remained  for  Kitasato 
to  complete  the  proof  by  successfully  inoculating  these 
cultures  on  animals.  He  showed  not  only  that  inocu- 
lation of  the  bacillus  produces  the  disease,  but  also  that 
in  such  cases  the  organisms  remain  confined  to  the  wound, 
and  that  the  symptoms  are  due  to  the  absorption  and  circulation  of 
their  products.  Thus,  he  found  (1)  that  inoculation  of  a  Hterilized  cul- 
ture produced  a  fatal  form  of  the  disease,  but  that  no  bacillus  could  be 
found  in,  and  no  cultures  obtained  from,  the  organs  of  an  animal  killed 
in  this  way;  (2)  that  inoculation  of  the  spores  with  some  mechanical 
irritant,  but  without  bacilli  or  toxines,  produced  a  similar  disease,  and, 
similarly  again,  that  no  bacilli  could  be  found  in,  and  no  cultures 
obtained  from,  the  duttant  organs  ;  and  (3)  that  in  the  latter  case  the 
symptoms  were  first  observed  in  the  locality  of  the  inoculated  part. 
He  concluded,  therefore,  that  the  bacilli  in  the  wound  produced  their 
effect  by  manufacturing  poisons  which  are  gradually  disseminated. 

The  nature  of  these  toxines  is  unknown.  Martin  has  separated, 
from  the  tissues  of  persons  dead  of  tetanus,  two  Ixxlies ;  one  of  these 
contains  proteid,  the  other  does  not.  Bricgcr  has  also  separated  a  non- 
proteid  body.  According  hi  lioth  these  oliservers,  a  non-protcid  body  is 
the  toxine  which  acts  as  a  direct  excitant  of  the  motor-cells  of  pons, 
medulla  and  spinal  cord,  and  thereby  produces  the  muscular  spasms 
characteristic  of  the  disease.     The  chief  reason  for  the  belief  held  by 
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manv,  that  some  ferment  acts  as  an  intermediary  between  the  bacillus 
and  the  toxines,  lies  in  the  extremely  definite  incubation-period  which 
exists  between  the  introduction  of  the  bacterial  products  and  the  onset 
of  the  symptoms,  and  which  gives  time  for  the  production  of  secondary 
toxines  from  the?  tissues.  On  the  other  hand,  it  has  been  maintained 
that  the  poison  is  absorbed  by  the  peripheral  nerves  and  has  to  travel 
along  them  to  the  spinal  cord  before  it  can  produce  symptoms  of  poison- 
ing. The  incubation  period  is  thus  possibly  associated  with  the  length 
of  the  route  traveled  bv  the  toxine.  Time  is  also  necessary  for  the 
combination  of  the  |>oison  with  the  main  bodies  of  the  cells  even  after 
it  has  attached  itself  to  their  receptors.  The  action  of  the  j>oison  is  to 
exaggerate  the  irritability  of  the  cells  of  the  spinal  cord,  so  that  violent 
convulsions  are  caused  bv  small  stimuli.     The  bacilli  also  manufacture 

» 

a  substance  ( tetano-lysin)  which  has  the  power  of  destroying  red  blood- 
corpuscles. 

Immunization. — Kitasato  conferred  a  two-months  immunity  on  rab- 
bits by  injecting  a  small  portion  of  a  sterilized  (filtered)  culture,  followed 
by  five  daily  injections  of  trichloride  of  iodine  (3  c.c.  of  1  per  cent, 
solution).  Subsequent  observers  have  obtained  results  precisely  anal- 
ogous to  those  already  dcscril)cd  in  diphtheria.  Small  but  regularly 
increasing  (3  c.c.  to  120  c.c.)  and  repeated  doses  of  the  filtered  cultures 
gradually  confer  immunity  ;  and  the  serum  obtained  from  animals  thus 
protected  is  found  to  prevent  the  development  of  symptoms  if  injected 
before,  or  with,  a  fatal  dose  of  the  toxines.  It  is  doubtful  whether  the 
serum  can  exercise  a  curative  action  when  the  symptoms  of  the  disease 
have  developed,  the  |x>isou  being  then  firmly  united  to  the  cells.  Good 
results  are  claimed  from  its  use  as  a  prophylactic.  It  is  antitoxic,  not 
antibacterial. 

Malignant  (Edema. — A  spreading  <edcma  ending  fatally  may  1* 
produced  by  the  inoculation  of  mice,  guinea-pigs,  or  rabbits  with  garden- 
mould.  Only  one  form  of  bacillus  develops,  and  the  oedema-fluid  con- 
taining it  is  infective  (p.  284).  The  bacillus  is  3  //  to  3.o  //  in  length, 
but  grows  into  longer  threads,  which  much  resemble  anthrax-bacilli. 
They  diifcr  in  showing  no  segmentation,  in  having  rounded  ends,  and 
in  l>eing  absolutely  anaerobic.  The  bacilli  bear  spores,  but  do  not 
retain  the  stain  in  Gram's  method.  In  cultures,  characteristic  air- 
bubbles  occur  at  the  sides  of  the  tube. 

Dysentery- — Some  forms  of  dysentery  are  due  to  a  bacillus,  B.  f/y*- 
enferitVy  discovered  by  Shiga  (1808).  It  is  a  short  rod-shaped  organ- 
ism, with  rounde< I  ends,  somewhat  resembling  the  typhoid  bacillus, 
but  non-motile.  It  can  l>c  cultivated  on  laboratory  media,  does  not 
liquefy  gelatine  nor  coagulate  milk.  It  is  decolorized  by  Gram's 
method.  Other  organisms  have  been  described  in  epidemics  of  dys- 
entery by  different  observers ;  and  it  is  probable  that  the  name 
dysentery  is  applied  to  conditions  claused  by  various  pathogenic  agents. 
The  II.  (Ii/Meiitrrifr  docs  not  form  soluble  toxines  in  culture-media*  It 
is  agglutinated  by  the  serum  of  convalescents  from  the  disease,  even 
in  considerable  dilutions. 
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The  B.  dysenteric?  has  been  found  in  many  cases  of  infantile  enter- 
itis, and  is  probably  one  of  the  causes  of  this  condition. 

Yellow  Fever. — Sanarelli  (1897)  isolated  a  bacillus  from  cases  of 
yellow  fever,  which  he  considered  to  be  the  causal  agent,  and  to 
which  he  gave  the  name  of  B.  ideroiden.  It  is  not,  however,  now 
generally  believed  to  be  the  true  cause  of  yellow  fever,  in  which 
infection  is  almost  certainly  conveyed  by  mosquitoes — a  fact  which 
suggests  a  protozoan  organism  as  the  infective  agent. 


m.  Spirilla. — Two     diseases,     relapsing  Fiq.  183. 

fever  and  cholera,  are  associated  with  curved 
organisms. 

Relapsing  Fever. — The  Spirochceta  Ober- 
meieri  (Fig.  183),  often  called  "  spirillum,"  is 
found  in  the  blood  in  this  disease.  It  was  dis- 
covered by  Obermeier  in  1873.  It  is  a  zigzag, 
sharply  curved,  uniform  thread,  1 6  to  40  //  long, 

with  quick  undulating  movements.     No  spores     Spirlna  of  relating  fever  with 
are  known.     The  organism  takes  the  ordinary         red  corpuscles,   x  1000. 
stains    feeblv,  and   does   not  retain   the  stain 

ml     ' 

when  treated  by  Gram's  method.  The  organisms  appear  in  the  blood 
just  before  the  commencement  of  an  attack,  and  disappear  with 
remarkable  speed  during  the  crisis.  Metschnikoff  states  that  during 
the  apyrexial  interval  they  accumulate  in  the  spleen,  where  they  are 
taken  up  by  the  multinucleated  leucocytes.  Soudake  witch  has  shown 
that  the  previous  removal  of  the  spleen  enormously  increases  the  mor- 
tality. Nothing  is  seen  of  the  spirilla  till  the  relapse,  when  they  return. 
All  attempts  to  cultivate  them  have  hitherto  failed.  The  disease  has 
been  inoculated  from  man  to  man,  and  from  man  to  apes  (Carter, 
Koch).  It  is  said  that  the  blood  is  not  infective  during  the  fever-free 
period,  but  that  the  splenic  pulp  is  then  infective.  The  blood  of  con- 
valescents has  an  agglutinative  action  on  spirilla,  and  contains  a  body 
(copula  or  opsonin)  caj>able  of  effecting  the  destruction  of  the  organ- 
isms in  the  presence  of  leucocytes.  Schaudinn  believes  that  the  Spirilla 
of  Oftermeier  arc  immature  form*  of  a  jxiraititic  trypanonome. 

Cholera. — Cholera  has  long  l>een  regarded  as  an  infective  disease, 
but  nothing  definite  was  known  until  1883,  when  Koch  began  his  work 
in  Egypt  and  India.  He  found  that  in  the  most  acute  cases  the  intes- 
tinal mucosa  was  simply  opaque  with  slightly  swollen  follicles,  that  the 
intestinal  contents  were  like  gruel,  and  that  these  contents  consisted  of 
an  almost  pure  cultivation  of  the  parasite  presently  to  be  described.  In 
cases  of  somewhat  longer  duration,  he  found  the  follicles  and  Peyer's 
patches  surrounded  by  zones  of  hyperemia,  running  together  into  red 
areas ;  and,  in  the  least  acute  cases,  the  small  intestine  became  intensely 
congested,  the  congestion  being  most  marked  above  the  ileo-cujeal 
valve  and  dying  away  in  the  upward  direction.  In  these  cases  the 
intestinal  contents  became  increasingly  blood-stained,  and  finally  exhaled 
a  distinctly  putrefactive  odor,  whilst  the  parasite  above  referred  to  was 
more  or  less  replaced  by  other  bacterial  forms. 


Ill  the  stage  of  pateliy  redness,  sections  of  the  mucosa  panX 
surface  Bhowed  Unit,  in  tlic  most  scute  nses,  the  redness  coneapiaahl 
to  an  invasion  of  the  epithelium  of  the  tabular  gland*  by  tin-  [miwitr 
found  in  the  intestine:  the  organisms  were  found  lying  twtwewn  thr 
epithelium  and  the  ha  anient- membrane.  This  bacterium,  tbwfaj 
soon  attracted  attention  by  its  definite  form  and  hi 
stancy. 

h'"cli'"i-h',/>T(i-.<fiiri//iiiii  or  rilirin  is  alwut  one-ball' to  IWo-ll 
length  of  a  tul>erele- bacillus,  but  thicker  (about  0.5  //).      It  U  carnal, 
usually  to  a  degree  equal  to  ibal  of  a  comma — hence  the  lirsi  ium»«-, 
oomma-baeithu — but  aometunes  to  thai  of  a  aemhnrole.     It  inultipli^ 
by  transverse  division,  and,  when  the  organism  is  grown  upon  grUtino** 


Flo.  184. 


media  br  the   intestinal   mucosa,  the  segments  separate   from  each  (ta^1 
at   onoe  ;  if  two   remain  united,  they  form   an   S-ehapcd   figure 
184),  their  curves  being  in  opposite  directions.     Winn  culti 
am   length  of  time   in    nutritive   fluids,  the  spirilla   may  remain 
until   they  form  delicate  spirals  of  sonic  length,  \ery  like  tin   -;  ~'-"1 
of  relapsing  fever:  these  are   probably  degenerative  forma.      A  asp* 
nagellum  is  usually  attached  to  one  end  of  each  nrg.uii.-iu.    i  )n-.i-i  ■■■-  ■■* 
two    or    rin ire    Magella    may  !«■   similarly   attached.       More    ran 
flagellu   may   be   connected    with    botli   ends.     Roth    ninghi  eelh  an** 
spirals   art'  actively  motile.      When   present  in    the   inti  - 
numbers  they  form,  according  to  Koch,  little  heap-  in  which  the 
cells  have  all  the  same  direction  ;  so  that   it   look*  as  if  a  little 
.it*  them   were  making   their  way   one  behind   the  other,  like 
slowly  moving  water  (Fig.  1S4).     The  organisms  stain  with  It 
nary    solutions    before   mentioned,    but   do    not    retain 
treated  by  Gram's  method.      Other  onanism-.  jtos.-n-s-in 
tomieaJ  characters   have  been  dewribed   by  several  ob 
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maintains  that  in  the  cholera -spirilla  variations  in  the  size,  curve,  Bhiirp- 
nes*  of  ends,  ami  number  of  ilagella  are  comnioi),  and  depend  on  the 
special  epidemic  in  question,  on  the  conditions  of 
growth,  and  on  the  age  of  culture. 

Culture-vxperimentx  show  that  the  vibrio  grows 
well  upon  all  the  ordinary  media,  and  its  excep- 
tionally rapid  multiplication  can  be  watched  in  u  drop 
of  meat-infusion  upon  the  under  surface  of  a  cover- 
glass.  If  linen,  stained  with  cholera -dejecta,  be  kept 
moist  and  exposed  to  the  air,  growth  is  also  very  free 
for  two  or  three  days.  The  colonies  upon  nutrient 
gelatine  or  agar  begin  as  very  pale  tiny  spots,  which, 
as  they  get  larger,  present  a  slightly  irregular  outline 
and  a  finely  granular  surface.  Koch  eomi>ares  them 
to  heaps  of  powdered  glass.  On  the  second  day  the 
gelatine  liquefies  in  the  immediate  neighborhood  of 
each  point,  and  the  colony  sinks  into  a  bell-shaped 
depression  with  a  white  apical  point.  The  appearance 
of  a  long  narrow  funnel  is  very  typical  when  a  tulte 
is  inoculated  by  puncture.  In  the  ease  of  allied  or- 
ganisms, liquefaction  generally  takes  place  more  rap- 
idly. The  proof  of  the  individuality  of  this  organism 
depends  upon  the  combined  evidence  afforded  by  (1) 
the  microscopic  appearances  ;  (2)  the  results  of  culti- 
vation on  gelatine  and  on  agar;  (.'J)  the  indol  i 
tion  with  peptone-cultures ;  and  (4)  the  effects  of 
inoculation  on  animals.  geiatino. 

The  growth  reaches  its  limit  in  a  few  days,  remains 
a  short  time  stationary,  and  then  diminishes,  the  bacilli  either  shriv- 
elling or  swelling,  and  staining  more  or  less  imperfectly.  Many 
strange  "  involution-forms  "  appear  :  these  have  been  thought  to  belong 
to  different  species.  Clear  spots  failing  to  stain  have  been  regarded  as 
spores  ;  but  spirilla  containing  these  spots  arc  not  more  resistant  than 
others,  and  it  is  now  generally  acknowledged  that  no  spores  are  formed. 

Growth  is  most  rapid  at  86°  F.  to  104°  F.,  and  stops  if  the  tem- 
perature falls  below  60.8°  F.  Death  results  from  exposure  to  a  moist 
temperature  of  131°  F.  (55*  C).  Oxygen  is  essential  to  growth,  but 
neither  its  absence  nor  an  atmosphere  of  carbon  dioxide  causes  death. 
An  alkaline  reaction  is  most  favorable  to  growth,  while  distinct  acidity 
often  arrests  it ;  but  all  acids  have  not  tills  effect,  for  though  the  surface 
of  a  potato  is  acid,  yet  growth  occurs  freely  upon  it.  Koch  added  many 
antiseptics  to  cultures,  in  order  to  discover  those  which  most  powerfully 
hindered  development.  Quinine  (1  :  1)000)  and  mercuric  chloride 
(1  :  100,000)  head  the  list,  but  it  is  obvious  that  the  constitution  of 
the  material  to  which  they  arc  added  will  greatly  affect  the  result. 
Koch's  most  important  observation  on  this  point  was  that  compete 
desiccation  killed  the  bacteria  in  three  hours.  It  must  be  remcml>cred 
that  in  pappy  substances  many  hours  may  be  required  to  complete 
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desiccation,  but,  even  in  such,  twenty-four  hours  suffice  to  destroy 
cholera-germs.  Cholera  is,  therefore,  not  often  conveyed  by  the  air, 
except  through  the  medium  of  flies.  Lastly,  it  is  very  probable,  if 
not  certain,  that  this  spirillum  soon  dies  in  putrid  fluid,  cesspools,  ;md 
the  like,  and  that  consequently  the  addition  of  antiseptics  to  such  col- 
lections of  matter  may  possibly  preserve  rather  than  destroy  the  cholera- 
germ. 

Koch's  theoiy  as  to  its  action  is  that,  being  confined  to  the  intestine, 
it  produces  a  virulent  general  poison,  which  is  absorbed  and  at  the  same 
time  acts  as  an  intense  irritant  to  the  mucous  membrane.  Earlv  death 
in  collapse,  perhaps  before  the  passage  of  a  single  stool,  may  result  from 
general  poisoning,  and  it  is  in  these  cases  that  the  intestine  is  found  pale 
— simple  hyperemia  having  died  away.  In  less  acute  cases  the  local 
effects  become  more  marked,  and  increasing  extravasation  of  red  corpus- 
cles remains  to  indicate  the  existence  of  the  hyperemia.  Then  the 
cholera-germ  having  reached  the  limit  of  its  development,  is  more  and 
more  replaced  by  putrefactive  genus,  the  products  of  which  are  ex- 
tremely irritant  and  poisonous.  Various  toxic  bodies  have  been  obtained 
from  cultures  of  the  cholera-spirillum.  These,  when  injected,  give  rise 
to  cramps,  cardiac  failure,  and  lowered  temperature,  respectively.  The 
exact  nature  of  these  is  at  present  unknown. 

Koch  failed  to  find  the  vibrio  in  any  canes  but  thme  of  cholera. 
Metschnikoff  has,  however,  pointed  out  that,  during  a  neighboring 
epidemic  of  cholera,  the  drinking  water  of  Versailles  contained  the 
cholera- vibrios,  but  that  those  who  drank  the  water  remained  unaf- 
fected. He  has  further  shown  that  the  organism  |>ersisted  in  the  water 
for  months  after  the  epidemic  had  ceased,  and  therefore  that  the  appear- 
ance of  the  microbe  in  water  did  not  necessarily  involve  the  apj>enmnce 
of  an  epidemic.  He  believes  that  cholera-organisms  may  exist  tor 
some  time  in  the  intestines  of  animals  without  producing  cholera. 
This  result  he  attributed  to  the  inimical  action  of  the  other  organisms 
present. 

The  possibility  of  inoculating  the  disease  must  now  l>c  considered. 
By  an  accident,  cholera-dejecta  l>ecamc  mixed  with  water :  this  was 
drunk  by  seventeen  jktsous  ;  of  these,  five  developed  cholera.  Again, 
at  Berlin,  during  a  course  of  demonstrations  upon  the  bacteria  of 
cholera,  one  of  the  nieml>ers  of  the  class  was  attacked  bv  a  distinct 
though  mild  form  of  the  disease*,  his  stools  containing  numbers  of 
spirilla  :  no  other  source  of  infection  could  l>c  ascertained. 

In  health  the  acid  gastric  juice  rapidly  kills  cholera  spirilla.  Infec- 
tion may,  however,  be  produced  in  guinea-pigs  and  dogs  by  injecting 
the  organisms  into  the  duodenum  ;  or  by  introducing  them  into  tin* 
stomach  if  the  gastric  juice  l>e  first  neutralized  with  sodium  carbonate, 
and  the  |>eristalsis  of  the  intestines  paralyzed  with  opium  to  prevent 
premature  expulsion  of  the  organisms. 

Infection  through  the  stomach  is  probably  much  easier  in  man  than 
in  guinea-pigs.  Kwald  finds  that  water  introduced  into  an  empty 
stomach  remains  neutral,  or  even  Incomes  slightly  alkaline  ;  its  quan- 
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tity  decreases  slowly  for  an  hour  or  more  ;  then  decreases  suddenly — 
evidently  from  opening  of  the  pylorus — before  its  reaction  has  become 
acid.  Cholera-spirilla,  introduced  shortly  before  this  occurrence,  might 
reach  the  duodenum  alive.  As  with  other  acute  specific  diseases,  only 
a  few  of  those  persons  exposed  take  the  disease  ;  and,  according  to 
Koch,  almost  all  these  are  suffering  from  digestive  troubles,  gastro- 
intestinal catarrh,  or  an  overloaded  stomach — conditions  diminishing 
the  general  acidity  of  the  stomach  and  enabling  the  spirilla  to  escape 
with  undigested  masses. 

The  contagion  of  cholera  exists  in  the  dejecta,  and  quite  exceptionally 
in  vomit  (when  this  has  regurgitated  from  the  intestines).  For  the  dis- 
ease to  spread,  moisture  is  essential — as  desiccation  as  a  rule  means 
death  of  the  organisms  (see  above).  Cholera,  therefore,  does  not,  like 
tuberculosis,  spread  by  the  shaking  of  dust  from  linen  ;  it  is  not  carried 
by  post  nor  by  merchandise,  but  by  man.  As  a  rule,  it  is  spread  by 
the  infection  of  water ;  this  occurs  very  easily  in  India,  where  a  large 
tank  is  employed  to  collect  water  for  many  people  ;  and  the  one  tank  is 
used  indifferently  as  a  public  bath,  a  wash-tub,  a  cesspool  and  a  reser- 
voir of  drinking-water.  In  many  instances,  a  supply  of  pure  water 
has  prevented  the  recurrence  of  the  disease  where  previously  it  had 
been  rife.  Most  provisions  may  l>e  infected  by  contaminated  hands  or 
perhaps  by  flies. 

It  has  already  been  shown  that  tJii*  parasite  can  multiply  apart  from 
the  body, — e.  g.,  on  moist  linen,  on  potato,  or  in  meat-infusion.  As  it 
requires  rather  concentrated  nourishment,  it  probably  does  not  multiply 
in  ordinary  running  water ;  but  many  of  the  rivers  of  India  are  ex- 
tremely foul,  and  organic  matter  increases  greatly  where  the  waters 
stagnate,  drains  and  gutters  enter,  and  vegetable  and  animal  refuse  col- 
lects ;  at  such  places  the  water  may  be  turbid  from  germs.  Stagnant 
surface-water,  therefore,  seems  to  be  the  great  culture-ground  for 
cholera-germs  external  to  the  body. 

The  serum  of  choleraic  j>atients  jM>ssesses  agglutinative  properties 
upon  the  spirilla  similar  to  those  described  in  the  case  of  the  bacillus 
of  typhoid  fever  (p.  320),  and  the  serum  and  peritoneal  fluids  of 
immunized  animals  are  actively  bactericidal  toward  them  (see  p. 
293).  For  an  account  of  preventive  vaccination  against  cholera,  see 
p.  237. 

The  belief  that  Koch's  spirillum  is  the  exciting  cause  of  cholera  de- 
pends on  (1)  its  proved  individuality  (p.  330) ;  (2)  its  constant  presence 
in  the  intestines  of  persons  suffering  from  the  disease ;  (3)  its  absence 
from  all  other  cases ;  (4)  the  accidental  infection  of  persons  working 
with  it ;  (5)  the  protective  power  of  Haff  kine's  vaccination  ;  (6)  the 
agglutinative  properties  of  the  serum  of  cholera-patients ;  and  (7)  the 
correspondence  between  the  law  of  its  growth  and  the  conditions  known 
to  exist  in  cholera-epidemics. 
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The  Blastomycetes  or  Yeasts. 

These  are  small,  round  or  oval  cells,  which  multiply  by  budding 
(gemmation).  Sometimes  the  cells  cohere  and  form  branching  chains 
In  some  varieties,  when  food  is  not  abundant,  as  in  the  case  of  potab>- 
cultivations,  one  to  four  spores  may  form  in  the  interior  of  the  vari- 
cella ;  in  others  no  spore-formation  occurs.  On  this  Iwsis  the  blastomv- 
cetes  are  divided  into  two  groups:  (1)  the  tfaecharomyccte*  or  tiw 
yeasts,  which  form  spores,  and  (2)  the  Tontlar,  which  do  not.  The 
spores  develop  when  placed  in  fermentable  fluids.  At  other  times  under 
unfavorable  conditions  unjointed  mycelium  may  \ie  produced.  When 
it  is  remembered  that  the  growth  of  some  higher  fungi  (r.</.f  Muwr 
mucedo)  under  exceptional  circumstances  is  the  same  as  that  of  routo 
under  ordinary  circumstances — i.  e.9  by  gemmation,  it  seems  poadble 
that  yeasts  may  really  be  vegetable  forms  of  higher  fungi. 

Yeasts  are  of  importance  chiefly  as  causes  of  fermentation.    Recently, 
fungi  referred  to  this  group  have  lieen  isolated  from  certain  tumon* 
and  claimed  as  the  cause  of  these  formations  (p.  97).     Certain  blasto- 
mycetes also  give  rise  to  a  form  of  dermatitis.     Torulae  are  eonumm 
in  the  stomach  either  alone  or  in  company  with  sarcime.     They  are 
frequently  found  in  diabetic  urine,  but  not  at  the  time  it  is  pw*«l 
l>eing  deposited  from  the  air  and   growing  readily  in  the  saccharine 
fluid. 

Thrush. — In  this  disease,  pale  gray  patches  adherent  to  the  mucrw* 

Fig.  186. 


Oidium  albicans.    Cells  and  spores  seen  on  the  surface  of  epithelium,  temped  flfl*  ** 

"  aphthous"  patch  on  an  infant's  tongue.    X  300. 

membrane  form  in  the  mouth,  pharynx,  and  gullet,  either  of  children** 
the  breast  or  of  adults  exhausted  by  wasting  diseases  (e.  g.f  typo**' 
fever,  phthisis).  These  pitches  are  due  to  the  growth  of  the  oW^ 
albicans,  a  parasite  of  which  the  Ixrtanical  position  is  doubtful.  It* 
generally  regarded  as  a  mould  ;  but  Grawitz  states  that,  when  cflto* 
vated,  this  fungus  shows  itself  to  be  a  yeast,  and  probably  the  Mf+ 
derma  rini,  which  he  has  proved  capable  of  growing  on  moo* 
membranes.     The  patches   consist  of  tortuous,  often   branched  ih> 
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meats,  formed  of  long  cells  united  end  to  end  and  distinctly  con- 
stricted where  they  join.  The  filaments  end  hi  rounded  cells,  which 
produce  one  or  more  spores  :  these  form  heaps  in  the  epithelium 
(Fig.  186). 

The  Hyphomycetes  or  Moulds. 

These  consist  of  filaments  (hypkce)  formed  by  a  single  row  of  cells 
placed  end  to  end,  growing  by  means  of  an  apical  cell  which  elongates 
and  divides  transversely.  Lateral  offshoots  arc  common,  but  dichoto- 
mous  branching  is  rare.  Hypha:  may  occur  singly,  but  usually  they 
are  numerous,  intertwining  loosely  or  closely  so  as  to  form  a  feltwork 
(myottium).  All  spring  from  an  axis  or  germinal  tube  which  grows 
directly  from  a  germinating  spore.  Their  growth  is  extremely  slow 
compared  with  that  of  bacteria  (p.  268). 


Method*  of  reproduction  of  hyphoroycetta  (dl«frr»mm»tlc>  A.  Penlctlllum  gUucum ;  B,  Euro- 
tlum  reperu,  Aspergillus  nl^er  (In  section > ;  G  Mucor  raucedu  (In  section) :  D,  Conjugation 
fMueor) :  E.  17,  seins.1  reproduction,  fertilisation  (Eurotluml ;  an,  sntherlolum ;  <u,  ucua ; 
iua,  sscogonfum;  c,  columellii;  m,  eoMdiophora :  /,  fruit- bearing  liyphs;  fl.  hyphie  covering 
urogunlum  forming  perltberium ;  m,  mycelium  ;  pih,  pvrlthrclum  :  up.  sports:  tpa,  sporan- 
gium: tph,  sporsnglophore ;  if,  aterlgmsta;  : 


In  the  adult  plant  the  hypha  are  of  two  kind.- :  (1)  the  nutritive, 
which  grow  into,  and  extract  nourishment  from,  the  culture-soil,  form- 
ing the  mycelium;  and  (2)  the  reproductive,  which  spring  from  the 
mycelium,  and  stand  up  from  the  substance  in  which  it  lies  :  these  are 
called  aerial  or  fruit  byphie.  They  are  simple  or  branched,  and  bear  at 
their  ends  spores  or  sexual  organs.  Reproduction  is  either  asexual  or 
sexual ;  the  two  methods  may  occur  together  on  the  same  plant,  or  may 
alternate  regularly  or  irregularly.     In  either  case  spores  are  formed — 
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round,  oval,  or  cylindrical,  smooth  or  irregular,  colored  or  colorless : 
most  are  motionless,  but  some  "swarm."  Each  consists  of  a  little 
mass  of  protoplasm,  surrounded  by  an  envelojK?,  which  is  made  up  of 
an  outer  (exoxporium)  and  an  inner  (endosporiuni)  layer :  the  exosporiuni 
is  often  pigmented.  All  spores  have  great  power  of  resisting  the 
action  of  physical  and  chemical  agencies,  and  retain  life  for  long 
periods ;  those  formed  asexually  are  ready  at  once  to  germinate,  but 
those  due  to  a  sexual  process  almost  always  require  a  rest.  The 
latter  are  the  true  reatingspores ;  but  this  name  is  often  applied  to 
all  spores  capable  of  retaining  life  for  long  periods  in  spite  of  adverse 
conditions. 

To  understand  the  above  and  what  follows,  the  student  should 
examine  a  few  moulds  from  the  surface  of  thin  jam,  paste,  decaying 
fruit,  or  the  surface  of  a  slice  of  potato  which  has  been  exj>osed  for  an 
hour  or  two  in  a  dwelling-room.  In  all,  the  aerial  ]>ortion  is  easily 
studied,  and  the  mycelium  is  readily  shown  by  ?rushing  a  bit  of  the 
culture-ground  under  a  cover-glass. 

Asexual  spore-formation  occurs  in  three  ways   Fig.  187) : 

(1)  Hyph»  spring  from  the  mycelium,  and  perhaps  branch.  The 
terminal  cells  divide  transversely  into  sjx>res  (conidia),  which  either  fall 
away  singly  or  form  chains. 

(2)  A  hypha  (xporangioplwre)  stands  up  from  the  mycelium,  and  its 
end  swells  into  a  ball  (sporangium)  full  of  protoplasm,  which  segments 
and  forms  conidia. 

(3)  From  the  surface  of  a  knob  on  the;  end  of  a  hypha  (eonidiophore), 
peg-like  processes  (stent/ m<tta)  sprout,  each  sterigma,  by  growth  and 
transverse  division,  forming  a  chain  of  sj>ores. 

Sexual  reproduction  occurs  in  the  following  ways : 

(1)  Conjugation. — The  apical  cells  of  two  hypha;  meet  end  to  end 
and  blend  into  one  cell  (zygospore).  From  this,  after  a  longer  or  shorter 
rest,  a  sj>orangiophore  sprouts,  and  from  its  spores  new  plants  grow,  as 
in  Mueor. 

(2)  Fertilization. — The  end  of  a  hypha  becomes  twisted  like  a  cork- 
screw, more  and  more  closely,  until  the  turns  form  a  continuous  tulie — 
the  ascogonium.  From  the  lower  turns  spring  fine  branches,  one  of 
which  (antheridium)  conjugates  by  its  apex  with  the  ascogonium  ;  the 
others  simply  cover  the  ascogonium  continuously,  and  are  converted  by 
division  into  polygonal  cells,  which  form  a  capsule  (jterithecium)  round 
it.  Many  transverse  septa  form  in  the  tube  of  the  ascogonium,  ami 
from  the  cells  thus  produced  flask-shaped  lateral  projections  (asci) 
develop :  in  each  of  these,  eight  sjwres  generally  appear.  The  peri- 
thecium  thins  as  the  asci  enlarge,  the  walls  of  the  asci  disappear,  and 
an  easily  raptured  sphere  of  spores  remains.  When  these  germinate 
the  endospore  swells,  splits  the  exospore,  and  throws  out  the  germinal 
tube,  whence  springs  the  mycelium. 

Conditions  of  Life.  Food. — Possessed  of  no  chlorophyll,  moulds 
are  unable  to  build  up  carlxHi-compounds.  They  assimilate  those  built 
up  by  other  plants  or  animals.     They  are   therefore  always  either 
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saprophytes  or  parasites :  in  the  latter  case  they  may  kill  their  host. 
They  require  a  free  supply  of  oxygen  ;  but  some  can  obtain  it,  at  least 
for  a  time,  by  decomposition  of  organic  compounds  like  sugar.  Thus, 
Mucor  racemovus,  cultivated  on  the  surface  of  a  saccharine  liquid, 
absorbs  oxygen,  oxidizes  some  of  the  sugar,  forming  carbon  dioxide, 
and  grows  rapidly.  If  deprived  of  oxygen,  as  by  immersion,  only  the 
mycelium  grows,  and  this  becomes  broken  up  into  short  cells,  which 
multiply  by  budding,  and  much  resemble  yeast-eells.  The  growth  is 
then  much  slower,  carbon  dioxide  escapes  in  bubbles,  and  alcohol 
appears  in  the  liquid.  These  changes  soon  cease,  and  the  process  can 
only  be  started  again  by  a  fresh  supply  of  oxygen  (Duclaux).  Some 
moulds,  such  as  Penicillium  glaueum,  and  Attjjergillus  niger,  have  no 
power  of  thus  obtaining  oxygen,  and  die  if  cut  off  from  the  free  gas. 
The  change  in  the  character  of  growth  above  mentioned,  accompanying 
changes  in  conditions  of  life,  has  been  pointed  to  as  evidence  in  favor 
of  the  mutability  of  bacteria. 

Light. — Many  moulds  can  develop  completely  without  light :  some 
require  it  for  the  formation  of  spores  and  other  processes. 

Temperature. — Ziegler  states  that  moulds  flourish  best  at  temperatures 
below  that  of  the  body,  and  that  some  will  not  grow  at  all  at  so  high  a 
temperature.  A  few  species  of  aspergillus  and  mucor  grow  well  be- 
tween 95°  and  105°  F.  The  spores  are  as  resistant  to  external  agencies 
as  are  those  of  bacteria. 

Water,  or  at  least  dampness,  is  essential  for  the  growth  of  moulds. 

Moulds  are  associated  with  processes  of  rotting  or  decay.  The 
(leculiar  smell  and  taste  which  they  impart  is  well  known.  The  pro- 
ducts of  their  life-action  have  not  been  closely  investigated,  but  they 
are  neither  very  poisonous  nor  very  irritating,  so  far  as  human  tissues 
are  concerned. 

Distribution. — The  spores  of  moulds  are  much  more  numerous  in 
the  air  than  are  other  organisms.  They,  therefore,  constantly  fall  upon 
the  skin  and  enter  the  air-passages  with  air  and  the  food-passages  with 
food.  As  a  rule,  they  find  no  nidus  suitable  for  their  development : 
the  supply  of  free  oxygen  is  often  insufficient,  and  the  temperature  too 
high.  Certain  of  them,  however,  when  brought  into  contact  with 
accumulated  inflammatory  discharges,  or  with  sloughs,  take  root  and 
fructify.  This  is  most  likely  to  occur  in  the  nose,  mouth,  and  pharynx. 
They  are  here  saprophytes,  but  the  products  to  which  they  give  rise 
may  irritate  the  living  tissues  lying  beneath  the  parts  in  which  they 
grow.  Species  of  mucor  and  aspergillus  are  those  commonly  found 
under  these  conditions. 

Pathogenic  Moulds. — Owing  to  the  peculiarities  mentioned  in  their 
life-history,  these  fungi  have  but  little  power  of  invading  living  tissues. 
Certain  skin-diseases  are,  however,  due  to  the  growth  of  species  of  this 
class  in  epidermic  structures:  they  are  (1)  Favus ;  (2)  Tinea  tonsurans, 
T.  kerionf  T.  drdnata,  T.  sycosis,  T.  unguium;  (3)  Tinea  versicolor,  and 
(4)  Erythrasma.  The  fungi  causing  the  diseases  actinomycosis  and 
mycetoma  or  Madura  foot  have  l)eeii  sometimes  assigned  to  this  class. 

22 


338  PARASITES. 

Their  exact  position  is  still  undecided,  but  they  are  generally  regarded 
as  forms  of  streptothrix.  Instances  of  the  invasion  of  living  tissues 
by  varieties  of  aspergillus  (A.  Jumigaiue,  A.  mger)  are  occasionally  met 
with.  Thus  by  the  growth  of  the  fungus  in  the  tungs  a  disease  is 
produced  somewhat  resembling  tuberculosis  in  its  symptoms  (pneutno- 
mymxix  or  aeperrpiloHtfi).  A  form  of  mucor  has  been  described  as  giv- 
ing rise  to  a  dermatitis  closely  resembling  scabies  (Luck) :  the  same 
fungus  was  also  found  in  a  case  of  intestinal  ulceration  complicated  by 
cerebral  abscess  (Paltauf). 

Faros. — The  Achorion  Schonleinii  forms  almost  the  whole  of  the 
light  yellow,  mouldy-smelling  crusts  characteristic  of  favus.  On  hairy 
parts-— the  usual  seats  of  the  disease — the  hairs  are  always  invaded, 
especially  the  roots.  Here  the  parasite  grows  luxuriantly,  but  it  does 
not  extend  far  up  the  shaft  ;  its  primary  seat  is  the  epithelium  of  the 
hair-follicle.  On  other  parts  the  mycelium  invades  the  deeper  layer* 
of  the  epuiemm,  and  may  even  penetrate  to  the  corium  :  in  this  case 
the  local  irritation  will  be  more  marked.  The  mycelium  consists  of 
unjointed,  branching,  confusedly  intercrossing  tubes ;  in  certain  of  them, 
which  become  divided  into  joints,  oval  spores  form. 

The  nails  are  very  rarely  invaded,  and  then  only  by  mycelium. 

Tinea  Tonsurans. — The  Trichophyton  ton$urana '  is  generally  assumed 
to  be  the  one  parasite  common  to  Tinea  tonsurans,  Tinea  kerion,  Tinea 
circinata,  Tinea  sycosis,  and  Tinea  unguium.  Different  varieties  have 
been  described.  These  are  distinguished  by  the  size  of  the  spores 
(T.  megolosporon,  T.  microxporon),  their  position,  either  within  the  hair- 
shaft  {endoihrlx)  or  outside  it  (ectoUirix)  and  their  cult  lire-results  (Sa- 
bouraud).     These  forms  are  not  found  growing  together. 

When  the  hair  is  affected,  the  root  and  the  lower  part  of  the  shall 
are  crammed  with  spores,  lying  in  rows  between  the  fibrils  of  the  degen- 
erated hairs,  which  are  opaque  and  brittle  (Fig.  188).     It  is  doubtful 


Hnir-ilmft  infected  *ilh  Trichophyton  tonsurans.    Shutting  mycelium  and  (porta  on  amftc* 


how  far  the  fungus  makes  its  way  down  between  the  shaft  and  the  wall 
of  the  follicle  before  it  penetrates  the  former.  The  hair  breaks  just 
beyond  the  scalp,  leaving  a  stubbly  line  of  split  or  twisted  ends.  Epi- 
dermic scales  from  the  surface  of  the  scalp  may  contain  the  fungus,  but 

'Greek  Spif,  a  hair;  firrov,  a  plant. 
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the  deeper  living  cells  of  the  root-sheaths  are  always  free  from  it  (Thin 
and  Taylor).  Spores  are  abundant,  and  oval  in  shape  ;  mycelial  threads 
are  rare.  Points  worth  remembering  in  connection  with  the  undoubted 
fungoid  origin  of  the  disease  are  (1)  its  usual  limitation  to  children; 
(2)  its  tendency  to  fasten  upon  the  weakly ;  (3)  its  great  contagious- 
ness when  acute,  diminishing  as  it  becomes  chronic ;  and  (4)  its  greater 
severity  when  contracted  from  animals,  as  the  horse  {Trichophyton 
megalosporon).  It  may  excite  severe  irritation  and  even  suppuration — 
T.  kerion. 

Tinea  drdn&ta. — Here  the  parasite  infests  epidermic  cells,  always 
causing  desquamation,  sometimes  vesiculation,  or  even  more  severe 
inflammation.  It  spreads  uniformly  from  the  point  at  which  it  first 
takes  root,  and  consequently  assumes  the  form  of  a  gradually  enlarging 
circle.  The  central  parts  of  the  fungus  die,  and  the  growing  edge 
produces  a  ring  of  hyperemia  in  its  neighborhood.  Mycelium  is  pres- 
ent chiefly  in  the  form  of  very  long,  jointed  and  branched  threads ;  the 
spores  are  scanty,  single,  or  in  short  chains.  The  fungus  altogether  is 
often  scanty,  and  is  especially  difficult  to  detect  if  it  has  excited  inflam- 
mation. 

Tinea  sycosis.  (Truth.  viegaloxporoH.) — When  attacking  the  beard, 
the  fungus  is  found  chiefly  in  the  hair,  but  also  in  the  follicle ;  both 
mycelium  and  spores  are  seen,  the  latter  in  excess,  but  not  so  markedly 
as  in  T.  tonsurans.  The  mycelium  generally  lies  round  the  root  of  the 
hair,  and  is  pulled  out  of  the  sheath  with  it.  Severe  inflammation  is 
generally  excited. 

Tinea  unguium. — Mycelial  threads  of  trichophyton  may  occasionally 
invade  a  finger-nail,  rendering  it  opaque,  thick,  and  brittle.  Unlike  the 
effects  of  a  general  disease,  these  changes  occur  in  two  or  three  nails 
onlv,  and  the  toe-nails  are  soarcelv  ever  affected.  In  this  situation  it  is 
extremely  difficult  to  destroy. 

Chloasma,  Pityriasis  versicolor. — The  Microxporon  furfur  invades  the 
horny  layer  of  the  epidermis  of  covered  parts  of  the  trunk,  growing 
more  superficially  than  any  of  the  above,  rarely  musing  irritation  and 
not  attacking  nails  or  hair.  It  consists  of  jointed  mycelial  threads, 
which  are  always  abundant ;  and  spores,  which  van'  in  form,  lie  in 
groups  and  grow  at  the  ends  of  the  mycelial  threads.  On  the  skin  it 
produces  patches  of  brown  discoloration. 

Erythrasma  is  a  rare  disease,  due  to  the  growth  of  the  Mierosporon 
minutissimum. 


CHAPTER   X. 

CERTAIN  INFECTIVE  DISEA8ES. 

SEPTICAEMIA  AND  PYAEMIA. 

The  diseases  known  as  Saprcemia,  Septicaemia,  and  Pyaemia  result 
from  the  absorption  and  dissemination  throughout  the  body  of  organ- 
isms— mainly  pyogenic  cocci — and  their  products. 

Under  Saprcemia  (Septic  Intouncation)  are  included  those  forms  of  sep- 
tic absorption  which  are  due  to  the  introduction  of  the  chemical  products 
of  the  organisms  without  the  organisms  themselves ;  and  under  Septi- 
caemia (Septic  Infection)  those  forms  due  to  the  introduction  and  multi- 
plication of  the  organisms  within  the  body.  Neither  of  these  diseases 
is  accompanied  by  secondary  suppuration.  Pyaemia,  on  the  other  hand, 
is  a  terra  used  to  denote  those  cases  of  septic  infection  which  are 
characterized  by  the  presence  of  septic  embolism  and  abscesses.  The 
three  conditions  are  frequently  associated.  These  maladies  were  formerly 
the  chief  causes  of  the  mortality  in  large  surgical  hospitals,  and  the 
overcrowding  of  patients  with  septic  wounds  was  indirectly  the  cause 
of  these  diseases.  Almost  every  case  was  due  to  the  infection  of  a  pre- 
viously existing  wound  with  organisms  conveyed  by  fingers,  instruments, 
dressings,  or  air. 

1.  Sapromia. — The  constitutional  effects  produced  by  the  absorjv- 
tion  of  pathogenic  organisms  are  always  due  to  the  toxic  effects  of  their 
products.  It  is  theoretically  conceivable  (1)  that  in  some  cases  these 
products  may  be  absorbed  without  any  of  the  organisms  which  gave 
rise  to  them ;  and  (2)  that,  even  if  any  organisms  be  simultaneously 
introduced,  they  may  be  accompanied  by  so  large  a  quantity  of  the 
poisonous  products  that  death  will  follow  before  the  organisms  have 
time  to  multiply  and  afford  proof  of  their  presence.  In  both  these 
instances  symptoms  will  rapidly  follow  infection — as  in  any  other  case 
of  chemical  poisoning.  In  the  former  cases  the  disease  will  be  non- 
infective,  that  is,  the  inoculation  of  another  person  with  small  quantities 
of  the  fluids  from  the  body  of  an  individual  suffering  from  the  disease 
(sapnemia)  will  fail  to  produce  the  condition,  for  infection  depends 
upon  the  presence  of  living  organisms  which  multiply  in  the  body  of 
the  person  inoculated,  whereas  the  toxic  products  themselves  have  no 
power  of  self-multiplication.  If,  in  the  second  instance,  the  patient 
survive  the  immediate  effect  of  the  mpraemia,  the  organisms  simulta- 
neously introduced  may  develop  and  their  products  give  rise  to  leas 
acute  but  gradually  increasing  effects,  precisely  similar  to  those  result- 
ing from  the  introduction  into  the  body  of  a  number  of  septic  organ- 
isms without  any  large  quantity  of  their  products  (septicaemia).     In 
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this  case  the  organisms,  tlie  source  of  the  poison,  will  multiply  and 
become  so  generally  distributed  that  a  single  drop  of  blood  may  suffice 
10  inoculate  another  patient  with  the  disease. 

The  word  saprtemia1  literally  means  the  entrance  of  putrrjitrtire 
products  into  the  blood-stream.  Such  products  are  poisonous,  but  they 
are  uuly  exceptionally  formed  within  the  body,  us  in  instances  of 
decomposition  of  pleural  effusions,  owing  to  admission  of  putrefactive 
argsuisms  from  without.  Saprtemia  is  generally  due  to  jmisouing  with 
tin-  toxinesof  pyogenic  cocci,  which  have  developed  in  blond-clot  or  other 
ilischuives  connected  with  wounds.  This  form  of  Bpecifio  poisoning  can 
Mar  only  where  extensive  surfaces  are  open  to  tlie  absorption  of  UUgti 
'  ies  of  Beptic  products  under  considerable  pressure.  Such  con- 
mny  exist  in  bad  compound  fractures,  in  wounds  of  large  joints 
w  of  serous  cavities,  and  in  the  uterus  immediately  after  parturition. 
Any  of  these  may  form  an  extensive  culture-ground  for  organisms,  the 
piOquotfl  of  which  may  be  rapidly  absorbed.  It  is  Worthy  of  note  that 
Absorption  takes  place  with  comparative  difficulty  from  a  granulating 
surface;  hence  septic  intoxication  is  commoner  as  an  immediate  result 
"f  an  operation  or  injury  than  at  later  stages,  when  granulation-tissue 
ta-1  bad  time  to  form.  Pure  ttttpramia  without  any  eepticcemia  is  rare. 
Diphtheria  and  tetanus  are  also  instances  of  saprsemic  diseases, 
msniucQ  as  the  bacilli  in  both  instances  remain  localized,  and  do  not, 
auart  from  exceptional  eases,  enter  the  blood-stream. 

2.  Septicemia. — All  diseases  in  which  living  organisms  multiply 
'1  <he  blood-stream  are  technically  instances  of  septicemia  :  examples 
we  seen  in  plague  and  Malta  fever.  Practically  the  term  is  usually 
■united  to  oases  of  infection  with  pyogenic  organisms,  especially  strepto- 
wooL  Infection  may  occur  from  the  smallest  prick  ;  no  large  wound 
tteoanoary.  The  organisms  grow  m  the  blood,  and  small  oumbara 
>  Ik  found  when  it  is  examined.  Many  adhere  to  the  endothelium 
"I  the  enpillaries,  and  by  their  growth  and  "clumping"  form  plugs 
*bi*.*h  block  the  vessels,  in  some  eases  giving  rise  to  minute  hemorrhages 
;ll"l  occasionally  to  miliary  abscesses.  The  factors  which  determine 
*'n>~  in  one  case  these  organisms  produce  a  local  abscess  and  in  another 
''lornl-p,  a  soiling  have  been  already  considered  (p.  17ft).  They  depend 
!'ri't<-i pally  upon  the  virulence  of  the  organisms  and  the  kind  of  ebemo- 
■*  i-s  ti.  which  they  give  rise  ;  but  in  any  case  the  symptoms  are  due 
'"  tlie  chemical  products  of  the  organisms. 

l'he  bliMrtl  in  can's  of  septica-mia  generally  contains  an  increased 
""inL-r  of  leucocytes,  while  there  is  destruction  of  red  corpuscles,  to 
™*«*h  tlie  jaundice  often  seen  in  these  cases  has  been  attributed.  The 
"c'-«.-liial  bemorrliages  that  occur  may  lie  due  to  an  action  of  the  tox- 
"'  -  ii[>"ii  the  walls  of  the  capillaries,  similar  to  that  which  takes  place 
'"  aoakc-poiaoning  [Chap.  XII.).  Fever  of  a  remittent  type  is  the 
nompaniment  of  the  condition,  and  prostration  and  delirium 
ate  marked  features.  Living  organisms  may  be  cultivated  from  the 
Wood,  and  often  from  the  urine. 


ntt"  b*  lined  in  surgery  U  applied  t 
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The  paafanoriem  ohanfftn  in  Sapramia  and  Septioamia  are  indefinii--, 
but  praetii-ally  identical.     Decomposition  wis  in  curly,  owfii 
organisms  present.      The  lining  membrane  of  vessels  ami  bear! 
hlood-tfained    from    the   rapid   disintegration  of  tin-  red    a 
Minnie  hemorrhages  may  !»■  (bund  anj  where,  especially  ben 
membrane*;  and  tin-  Bplecn  is  enlarged.     The  bases  of  the  I 
congested,  partly  because  <it'  the  changes  in  the  vi 
because  of  the  heart-failure  which  precedes  <h-ath. 

3.  Pysemia. — Pyaemia  diners   from  septicRHnia    in    that   (he  absirp- 
tion  and  dissemination  of  the  poison  give  rise  not  only  hi  a  tpwral 
infective  disease,  lint  also  to  scattered  abscesses.      This  is  the  ili 
jiatlmlogieal  eliararti-ristir-  «\'  t he  ili-ease.       It  i-  always  BOCOmf  fad  by 

some  septkwnua. 

The  source  of  infection   is  nsnally  some  snppuratiiig  wound;  but 
cases  may  arise  independently  of  any  wound,  as  seen   n  ft 
myelitis,  infective  endocarditis,  and  those  rare  cases  ■  -!   "  anont 
pyemia  in  which  no  primary  lesion  ran  be  found,     I  i      ■ 
poison  has  probably  entered  through  some  trivial,  unobserved  I 
the  skin  or  mucous  membrane.     As  in  septicemia,  it  gain-  * 
and  i-  distributed  by  the  blood.     Any  of  the  pyogenio  organUm*  a** 
oapable  of  producing    pya'inia,    Ittit   ilic   >'<-<,./, ,<■.„■.<,.  t, >!■,.,■ <.,>  b  ih* 
one  raosl  frequently  found  (p.  307),     Clinically  the  disease  u  geasnlly 
signalized  by  an  intermittent  form  of  pyrexia,  rigors  often  ncenn 
each  ri.se  of  temperature.     The  other  features  are  those  •■('  sejiticamia- 

Tbe  secondary  abscesses  are  of  two  kinds :  (1)  those  wbteh  (bus* 
embolism,  and  (J)  those  which  occur  without  any  apparent  local  nun*. 

(1)  Thefini   kind  of  abscess  is  due  to  septic  embolism  (p 
Suppurative  phlebitis  occurs  in  a  vein  connected  with  n  septte  *ua»i- 
Tlimmliosis  in  the  vein   follows.     The  thrombus  soften  (|>.  J1U),m»J 
the    resulting    fragments   are    carried   on    in    the   cireul;iiion.    Thee* 
beoome  arrested  in  the  pulmonary  capillaries,  or,  if  small  ■  nougfa,  pa** 
through    them   and    are    bulged    in    (lie  kidney  or  spleen.      W 
these    infective    fragments   an-   arrested,   suppuration    occurs.     Tbbs*» 
suppu ration  in  the  middle  ear  may  produce,  by  direct  extension,  infisan— 
mation    in   the   wall  of  tlie   lateral   sinus  and   consequent  throiahaM*- 
F  ragmen  ts  nf  the  softened  viol  may  lie  earned  to  distant  pan-,  i 
rise  to  ulcerative  endocarditis,  and  abscesses  in  the  lungB  and  I 

KinlMibe  alisc-is—i'-,  due   to  pviemia,  are  must  t'n-.juent  in  th.    /r,,.'-*. 
but  may  !«•  found  in  the  liver,  spleen,  kidneys,  and  brain.       I 
occur  in  any  vascular  part.     They  lie  generally  upon  the  sort* 
organs    immediately    beneath   the   rcqtsule.     They   vary   in   »iir 
minute,  scarcely  visible,  [mints  of  suppuration  t>-  caviti 
more  in  diameter:  they  are  usually-  multiple  and    mo; 
oils.      Tliry  an'  sum  si  in  lei  I    by  u   hypenvmic  Bone.      '  '■    ■ 
on..-  iirgan  is  ami-ted,  and    these  absi -esses  may  occur  ' 
second   kind.      Sometimt*   the   lungs  escape,  while  other  01 
beyond  them  on  the  blood-path,  are  affected. 

Suji/iHnitiri-  ftiffffth/ftiitlK  in  jiortal  pya-mia  is  :i  local  variety  o 
a  rare  complication  of  chronic  ulceration    in   an] 
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intestinal  tract,  of  suppuration  of  the  gall-bladder,  r.r  in  the  neighbor- 
hood of  the  portal  fissure,  or  of  inflammation  of  the  umbilical  vein  in 
newly-born  infants.  It  gives  rise  to  small  multiple  abscesses,  often  scat- 
tered throughout  the  liver,  but  always  in  connection  with  branches  of 
the  portal  vein. 

(2)  The  second  kind  of  abscess  is  a  diffuse  suppuration  occurring  in 
the  subcutaneous  and  intermuscular  connective  tissue,  in  the  joints  and 
in  the  serous  membranes.  In  these  cases  the  irritant  is  conveyed  to  the 
spot  by  the  blood,  and  lodges  there,  either  because  the  nidus  is  suitable, 
or  because  some  capillary  embolism  has  occurred.  This  form  of  sup- 
puration may  occur  alone  or  be  combined  with  the  first  variety. 

A  disease  somewhat  similar  to  pyemia  has  been  produced  in  animals 
by  the  introduction  of  pyogenic  cocci  into  the  blood. 

Besides  the  abscesses,  the  following  post-mortem  changes  may  be 
found.  As  in  all  septic  diseases,  rigor  mortis  is  feeble  and  decomposi- 
tion sets  in  early.  Emaciation  is  generally  marked,  and  the  skin  yellow 
or  jaundiced.  Petechia  may  be  present.  The  wound,  if  there  be  one, 
is  sloughy,  offensive,  and  perhaps  surrounded  by  diffuse  inflammation. 
Thrombi  are  present  in  one  or  more  inflamed  veins  leading  from  the 
focus  of  infection,  and  are  undergoing  infective  puriform  softening  (see 
Phlebitis) ;  the  ends  of  one  or  more  thrombi  perhaps  project  into  a 
large  vein  in  which  the  circulation  is  not  arrested.  The  blood  is  gen- 
erally normal  to  the  naked  eye,  but  microscopically  it  contains  an  excess 
of  leucocytes.  Hypostatic  congestion  of  the  lungs  is  generally  pres- 
ent, the  spleen  large  and  pulpy,  and  the  heart,  liver,  and  kidneys  show 
cloudy  swelling. 

TUBERCULOSIS. 

Tuberculosis  is  an  infective  disease  due  to  the  growth  of  the  Bacillus 
tuberculosis  in  the  tissues  of  the  body.  The  characteristic  naked-eye 
manifestation  of  the  growth  of  this  organism  is  the  formation  of  small 
circumscribed  inflammatorv  lesions  known  as  "  tubercles. "  When 
these  are  distributed  throughout  the  body  the 
disease   produced    runs   a    rapid  course,  and   is  pI(i.  is9. 

known  as  acute  general  tuberculosis ;  when  they 
are  limited  to  a  special  organ  or  tissue  the  disease 
is  of  much  longer  duration,  and  is  termed  local     \    I 
tuberculosis — e.   g.,  tuberculoma  of  the   lungs  or        -  *S  I  ^^    \ 
kidneys,     A  local  tuberculosis  often  serves  as  a       '  \   " 

point  of  origin  for  general  infection  (acute  gen-  \      4RX 
eral  tuberculosis).  i   ^*      v 

Morphology  of  the  Bacillus. — The  bacillus     j^   ^rcuioti* 

is  a  minute  organism,  2  //  to  6  ji  long — two  or  x  100o. 

three  placed  end  to  end  being  thus  equal  to  the 
diameter  of  a  red  blood-corpuscle.     It  is  very  thin  (£  to  \  of  its 
length),  motionless,  and  rounded  at  the  ends.     It  can  be  easily  stained 
by  the  Ziehl-Neelsen  (p.  301)  or  by  Gram's  method  (p.  300)/    It  lias 
often  a  beaded  appearance,  clear  spots  alternating  with  stained  parts 
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(Fig.  189).  Tin-  bacilli  are  usually  straight,  lint  may  lx-  ciirvrd:  in 
tlie  large  majority  of  eases  they  oocur  singly,  but  occasionally  are  found 
in  pain.     Multiplication  is  very  bIow  ana  takes  place  bj  hate, 

The  organisms  can  be  cultivated  on  media  containing   glycerin  ■ 
blood-serum  ami  are  aerobic    Their  growth  is  bIow,  and  «  If  oorj  rial 
some  weeks  that  a  culture  on-sent*  its  most  ohamoteastu  nnprTHF  i 
By  that  time  the  cdonin  have  to  ni 
|.'lu.  mo.  naked   eye  a  benped-op,  eealj  appar- 

11  nee,  tin-  older  jMirt-  rooking  An  ami 
shrivelled  i  Fig.  191),     When  examined 
noder  the  microscope  tin-  margins  of 
tlie  colonies  snow  a  peculiar  wavy  lira*. 
due  to  parallel  chains  of  orgai 
lowing    the    same    curve    i  Fig.    190). 
Under  favorable  circutustjiinv-  riilmn- 
<t\'  tubercle  bacilli  exhibit   i 
different  forms,  bram-liing  iln-i-rnl- '-■    - 
uften  seen.     Tin-  bmtOn  is  tnerrfof* 
I i]c i?d< ■!-[ ■} i i'-.  ami  i-  -■  i 
tothrix.     As  tin-  bacilli   fin  h 
u  comparative] v  high  tomperatnn  {8* 

F.   to    108°  F.'),   thcv    do    i: 

under  natural   oonditiona   ootaidl  '■!■• 
body,  but  live  a  wholly  parasitic  life.     They  can,  howei  er, 
of  the  body  for  some  weeks,  and  have  even  been  (bund  to  retain  their  vint- 
lence  after  such  existence  for  six  weeks  in  putrid  spot 
months  in  the  dry  state.     In  putrid  fluids  tbey  do  tiol  Ions  \* 
own  against  the  rapidly  multiplying  septic  organisms,  which  in 
adapted  for  tlie  ordinary  oonditiona  outside  the  body.     Tbftr  liiiaii 
is  very  constant ;  nearly  two  years'  cultivation   failed   to  attaoaati 
(Koch).     Other    observers    have,    however,    sacoeeded    in    prodBpi 
attenuated  strains.      The  baeilli  are  readily  destroyed  by   boiling  ai 
by  sunlight.      Desiccatioii  without    sunlight   does    not  destroy  sal 
They  resist  the  net  ion  of  a  1  :  1000  solution  of  perchlorid*  of  n*JM 
for  some  minutes.     A  1  :  20  solution  of  carbolic  acid  arts  man  n\mi\ 

Tuberculosis  occurs  In  otlier  animal?  besides  man,  an  I 
versy  has  arisen  as  tn  the  identity  or  diversity  of  the  orgai 
Kih'Ii  maintains  that  the  bacilli  of  human  and  bovine  tabefcnsMBI  j 
distinct :  the  balance  of  opinion  is,  however,  rather  in  fai 
them  ;i-  identical,  but  modified  by  circumstances  -c.  a-  to  diffin  &  H 
lence.      Warm-blooded   laboratory  animal-  may  l>e  immunized  sgii* 
the  form  of  the  bacillus  which  usually  afli-cts  them,  by  inocnJatiai  *> 
organisms  iicrjv.il  from  cold-blooded  animals  (tortoise,  blradhMHty 

Products  of  the  Bacillus. — Koch  enuoentrated   and  Otsaa!  t 
products  of  the  bacilli,  and  called  the  lilt  rate  thus  obtained 
When  injected  into  infected  animals  tin-  substance  product* 
a   marked   local   influinuiatioii  in  the  neighliorhood  "f  tin-  ti 
ilni  ;  l>ut  when  injected  into  animals  free  from  tubereatoais  ii  pruli 
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no  effect,   save,   in  some  cases,  a  slight  and  transient  rise  of  body- 
temperature.     Tbe  B.  tuberculosis  produces  three  classes  of  poisons : 
(1)  albumoses  or  fever-producing  substance,  (2)  a  crystalline  fatty  acid 
(necrotic  acid)  producing  necrosis  of  the  tissues  with 
which  it  is  brought  into  contact,  and  (3)  other  poi-  Fio-  Ml. 

sons,  concerning  which  little  is  known.  It  has  been 
found  that  the  intraperitoneal  or  intravenous  in- 
jection of  the  dead  bacilli  will  cause  the  formation 
of  tulterclett  in  those  organs  to  which  the  dead  or- 
ganisms are  carried. 

Sources  of  the  Bacillus. — In  every  case  of 
tubercular  disease  the  bacilli  are  introduced  from 
without,  and  are  derived  directly  or  indirectly  from 
some  previous  case  of  the  disease  in  man  or  animals. 
The  two  principal  sources  of  bacilli  are  (1)  the  sputum 
of  persons  irith  tuberculous  lungs,  and  (2)  Vie  milk  of 
eows  with  tuberculous  udders. 

1.  Sputum. — When  it  is  remembered  that  about 
one-seventh  of  mankind  die  of  pulmonary  tubercu- 
losis, and  that,  in  the  majority  of  cases,  the  patients, 
for  weeks  or  months,  expectorate  large  quantities  of 
bacilli,  without  any  precautions  Iwing  taken  against 
infection,  it  is  clear  tliat  there  is  an  ample  supply. 
The  bacilli,  with  small  particles  of  mucus,  expelled 
by  coughing,  may  be  inhaled  directly  by  the  healthy  ; 
but  the   sputum   which    dries    upon    handkerchiefs,         Tubercle  ■  baclllu*. 

,      ,,.  r  „  r  ,     .,  ,,  i  Hurftce-ruUurenu 

bedding,  garments,   furniture,  and    the   walls   and  giycerini-ag»r. 

floors  of  workshops  and  other  rooms,  thence  to  1« 

detached  as  dust,  appears  to  be  the  most  fertile  source  of  infection. 

2.  Milk. — When  the  disease  of  the  udders  is  extreme  tubercle-bacilli 
can  be  found  in  the  milk  ;  but  when  the  disea.se  is  less  marked  its 
infective  quality  <an  only  lie  shown  by  inoculation,  and,  less  certainly, 
by  feeding.  Butter  made  from  infected  milk  is  itself  infective.  It  is 
probable  that  direct  infection  from  tubcrcuhios  milk  is  very  rare  ;  Raw, 
however,  believes  that  tuberculosis  in  children  is  generally  due  to  infec- 
tion with  bovine  bacilli. 

Other  sources  of  tubercle-bacilli  exist,  but  they  are  rare ; 

3.  The  faeces  and  the  urine,  in  cases  of  tuberculosis  of  the  intestine 
and  the  genito-urinary  tract  respectively,  and  the  discharges  from  tuber- 
culous abscesses  and  ulcers,  are  infective. 

4.  Tubercle-bacilli  may  be  occasionally  conveyed  in  tuberculous  mast. 
The  muscles  themselves  are  rarely  involved,  but  infected  glands  may  be 
left,  or  the  meat  during  its  removal  may  be  smeared  with  tuberculous 
material.  The  surface  of  meat,  however,  is  generally  raised  to  a  tem- 
perature over  100°  C,  in  the  process  of  cooking;  and  this  source  of 
infection  is,  therefore,  practically  confined  to  those  cases  in  which  glands 
arc  eaten,  or  in  which  raw  meat  is  prescribed  in  the  treatment  of  dis- 
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5.  Tuberculous  parents  may  infect  their  offspring  during  intra- 
uterine development.  This  possibility  will  he  referred  to  under  the 
next  section. 

Modes  of  Entry. — There  are  four  possible  ways  in  which  tul>ercle- 
bacilli  may  enter  the  body  :  (1)  inhalation,  (2)  feeding,  (.'*)  inoculation, 
and  (4)  in  utero  from  the  mother. 

1.  Inhalation. — The  inhalation  of  tubercle-bacilli  is  the  most  frequent 
cause  of  the  disease,  especially  in  adults.  This  is  shown  by  the  frequency 
with  which  the  lungs  or  the  bronchial  glands  are  alone  involved  ;  by  the 
readiness  with  which  animals  can  be  similarly  infected,  and  by  the  acci- 
dental  death,  in  one  case,  from  pulmonary  tuberculosis,  of  an  assistant 
engaged  in  suclran  experiment.  It  does  not  follow  that  all  the  tubercle- 
bacilli  inhaled  pass  into  the  tissues.  In  ordinary  respiration  they  are  not 
carried  beyond  the  smaller  bronchi,  where  they  may  be  deposited,  and  as 
they  multiply  but  slowly  many  are  expelled  by  ciliary  action  and  coughing 
before  they  can  seriously  injure  any  spot  and  effect  an  entrance.  In  the 
deep  inspiration  through  the  open  mouth  which  follows  the  expulsion  of 
the  reserve  air  in  coughing,  the  bacilli  may  be  carried  almost  to  the 
infundibula,  if  not  to  the  air-cells,  while  the  existence  of  pleural  adhe- 
sions, or  of  a  badly  formed  thorax,  by  limiting  the  movements  of  the 
lung  will  lead  to  the  retention  of  local  secretions. 

Having  no  power  of  locomotion,  the  bacilli  must  be  carried  through 
the  mucous  membrane  like  the  particles  of  carbon  in  anthracosis.  The 
leucocytes,  reaching  the  surface,  may  there  meet,  enclose,  and  in  many 
cases  carry  them  back  into  the  tissues.  If  the  cells  sicken  while  the 
bacilli  survive,  the  latter  may  find  themselves  in  some  place  where  they 
can  thrive,  multiply,  and  produce  their  characteristic  lesions.  In  catar- 
rhal states  many  phagocytes  reach  the  inflamed  surface,  and  any  bacilli 
that  may  I>e  present  are  therefore  more  likely  to  be  introduced  into  the 
tissues.  Not  infrequently  the  bacilli  may  lodge  and  multiply  in  the 
mucous  membrane,  and  the  disease  commence  as  a  local  tubercular 
bronchitis.  When  introduced  directly  into  the  alveoli,  they  mav  mill- 
tiply  and  affect  the  alveolar  epithelium  and  walls  chemically  without 
first  entering  them. 

In  the  same  way  in  children,  and  less  frequently  in  adults  who, 
because  of  nasal  obstruction  or  habit,  breathe  through  the  mouth,  the 
l>acilli  may  reach  the  cervical  glands  and  distant  organs  through  die 
mucous  membrane  of  the  mouth  and  fauces. 

2.  Feeding. — Tubercle-bacilli  may  also  enter  through  the  alimen- 
tary tract  from  infected  food.  Possibly,  in  some  cases  where  they 
pass  through  the  mucous  membrane  of  mouth  and  fauces,  as  lias  just 
been  stated,  they  may  be  derived  from  the  food.  In  the  large  majority 
of  cases,  however,  bacilli  derived  from  food  enter  by  the  intestine. 

It  is  often  found,  especially  in  children,  that  no  lesion  is  produced 
by  the  bacilli  at  the  point  of  entry,  but  that  marked  changes  may 
occur  in  the  lymphatic  glands  or  in  distant  parts ;  it  is  also  well 
known  tliat  marked  local  changes  in  the  walls  of  the  intestine  are 
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nore  often  due  to  secondary  infection  from  swallowed  sputum  in  the 
case  of  persons  suffering  from  advanced  pulmonary  tuberculosis,  than 
to  primary  infection  from  contaminated  food.  An  explanation  of  these 
facts  is  afforded  by  experiments  on  animals,  for  it  is  found  that  if 
virulent  infective  material,  containing  large  numbers  of  bacilli,  is  used, 
marked  local  lesions  occur  at  the  seat  of  invasion,  but  that  if  less 
virulent  material,  containing  only  small  numbers  of  bacilli,  is  employed, 
the  seat  of  invasion  presents  no  local  lesion,  while  the  neighboring 
lymphatic  glands  may  be  largely  infected,  and  the  bacilli  be  carried 
thence  to  distant  parts.  Now  it  is  quite  certain  that  the  swallowed 
sputum  in  most  cases  of  advanced  pulmonary  tuberculosis  will  contain 
a  far  larger  proportion  of  bacilli  than  infected  food,  and  the  presence, 
or  absence,  of  local  changes  at  the  seat  of  invasion  seems,  therefore,  to 
depend  uj>on  the  virulence  of  the  infecting  material. 

There  is  some  difference  of  opinion  as  to  the  principal  seat  of 
invasion  in  instances  of  tuberculosis  occurring  in  young  children.  It 
is  often  stated  that  the  lungs  are  not  affected  in  the  same  'proportion 
as  they  are  in  later  life ;  that  the  disease  is  not  so  localized,  general 
miliary  tuberculosis  being  common  ;  that  the  bones  are  frequently  the 
seat  of  the  disease ;  and  that  the  lymphatic  glands  are  more  univer- 
sally affected.  It  is  also  maintained  that  the  intestine  is  the  part  most 
often  attacked  primarily,  even  in  those  cases  in  which  the  patients 
ultimately  succumb  from  disease  of  the  lung.  It  is  certainly  some- 
times possible  to  trace  the  infection  from  an  old  calcified  gland  in  the 
mesentery  to  the  retroperitoneal,  posterior  mediastinal,  and  bron- 
chial glands,  and  thence1  to  the  lungs.  On  the  other  hand,  observers 
generally  agree  that,  in  the  large  majority  of  cases  of  tuberculosis  in 
children,  the  bronchial  or  cervical  glands  alone  are  caseous — an  indica- 
tion that  infection  has  occurred  by  inhalation,  or  through  the  mucous 
membrane  of  the  mouth.  Virulent  tubercle  bacilli  have  been  found 
under  the  nails  of  children,  being  probably  picked  up  in  the  act  of 
crawling  on  the  floor.  From  the  nails  they  may  be  conveyed  to  the 
mouth  and  cause  infection. 

3.  Inoculation. — It  occasionally  happens  that  a  wound,  in  an  other- 
wise healthy  person,  becomes  inoculated  with  tul>ercle-bacilli.  Nurses 
have  been  thus  infected  by  broken  vessels  containing  tuberculous 
sputum  ;  and  persons  taking  part  in  autopsies  on  cases  of  tuberculosis, 
or  wearing  the  ornaments  of  phthisical  relatives,  have  also  contracted 
the  disease  by  the  introduction  of  tuberculous  material.  In  such  cases 
the  organisms  may  produce  catarrhal  inflammations  of  the  skin ;  or 
they  may  cause  delay  in  the  natural  healing  of  the  wound,  and,  later 
on,  give  rise  to  progressive  infection  of  lymphatics,  glands,  and  distant 
parts.  Sometimes,  as  in  the  case  of  the  lungs  and  alimentary  tract,  the 
bacilli  may  cause  changes  in  the  glands  and  distant  parts  without  pro- 
ducing any  visible  lesion  at  the  j>oint  of  entry. 

The  majority  of  the  cases  of  tuberculosis  due  to  inoculation  occur 
secondarily  in  cases  of  pulmonary  tuberculosis,  and  are  thus  comparable 
to  the  intestinal  tuberculosis   which  results  from  swallowed  sputum. 
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Thus,  the  patient  may  inoculate  an  excoriation  on  the  ham)  fnun  mi 
infected  handkerchief  or  pocket. 

4.  Infection  in  Utero. — This  may  occur  in  cases  of  tuberculosis 
of  the  placenta.  The  possibility  of  Intent  tubercular  disease  beings  con- 
veyed through  the  medium  of  the  ovum  or  of  the  sjicrmutozua  will  be 
referred  to  when  the  influence  of  heredity  is  considered.     (See  page  357.) 

Effects  Of  the  Bacillus  in  the  Tissues. — Once  deposited  in  the 
tissues,  the  bacillus  proceeds  to  multiply,  and  to  produce  a  special 
lesion  which  for  a  long  time  was  considered  characteristic,  and  is  known 
as  a  tubercle  (Fig.  192).  Each  tubercle,  as  a  rule,  contains  the  fol- 
lowing elements  :  (1 )  centrally,  either  one  or  more  multinucleated  giant- 
celU,  containing  tubercle-bacilli  (Figs.  1!I3  mid  194),  or  some  granular 
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dCbris  surrounded  by  giant-cells  ;  (2)  outside  the  giant-cells,  in  most 
cases,  large  cells  with  big  nuclei  and  granular  protoplasm,  called 
epithelioid  rrif*  (fibroblasts) ;  and  (•'))  outside  these  again,  a  .tone  of 
kuroryftM,  which  has  no  definite  external  or  internal  limit.  The  giant- 
cells  in  slowlv  developing  lesions  often  send  ofi'  processes  which  anasto- 
mose and  help  to  tbmi  an  open  network  in  the  periphery  (Fig,  195). 
In  the  meshes  of  this  reticulum  the  epithelioid  cells  and  leucocytes  lie. 
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i        In  other  cases  the  reticulum  \*  less  prominent,  and,  according  is  may 

I      observers,  is  not  infrequently  absent. 

A  non-mii-i'tut-  nodule  of  tiie  above  structure  is  the  anatomical 
characteristic  of  tuberculosis,  hut  ii  is  not  microscopically  distinguish- 
able  from   the   products   of  other  very  local   chronic   inflammations. 


<K 


lotiK  in  a  cue  of  ct 
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pHnHgutd  produced  typical  "tubercles"  in  a  rabbit's  cornea,  by 
riMnng  line   hairs  into  it.     Laulanie  states  that,  in  the  lung-disease 

(fliised  in  dojrn  by  the  Stratif/i/lust  ritmnnu,  the  ova  and  embryos  may  be 
|Rb in  gtaat-cella  surrounded  by  zones  of  epithelioid  cells  and  leuco- 
(jta,     In  actinomycosis  in  animals  an  exactly  similar  arrangement  of 
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cells  is  fi nun]  round  about  the  central  aetinomt/ce*  or  fungus  of  the 
disease.  More  recently  Flexner  has  described  similar  lesions  produced 
in  man  by  a  form  of  strcptothrix,  and  so-called  paendo-tidicrculoxi*  in 
rodents  has  been  traced  by  A.  Pfeiffer  to  a  short  thick  bacillus  differing 
in  its  characters  from  the  tubercle-bacillus. 

Nor  can  the  above  structure  be  raid  to  be  constant ;  for,  especially 
acute  wises,  some  of  the  tubercles  seem  to  consist  entirely  of  small 
round  cells — no  epithelioid  or  giant-cells  Wing  visible.  In  the  lung  the 
alveolar  epithelium  often  enters  largely  into  the  constitution  of  the  lesions. 
Each  of  the  smallest  tubercles  visible  to  the  naked  eye  consists 
of  a  group  of  three  or  four  giant-cell  systems  of  the  above  structure 
(Fig.  196).     Foci  thus  formed  are  known  as  gray,  or  miliary  tubercles 


Fig.  196. 


liver  of  a  child.  np-<l  five,  who  dirri 

<>  groujw  iif  nuclei  ami  nrvural  bacilli  ii>«n 
r  (tic  centre.  SumiUDdlns  it  If  an  area  or  cum  men  ting  rasemfou  Id  which  therelliarf 
iming  Indlitlnvt.  Enveloping  thin  la  a  nine  consisting  of  epithelioid  will  (BbmbluM) 
leucocytes.  The  leucocytes  are  moat  numermn  on  the  side  where  the  caseation  ia  moti 
anccd.    The  whole  mui  la  imbedded  among  granular  Uver-cella  In  the  Interlobular  are*. 


(gray  granulation*.  Fig.  192).  They  are  grayish,  semi-translucent, 
rounded  bodies,  varying  from  just  visible  points  to  nodules  the  size  of 
a  pin's  head,  or  larger.  They  are  firm  and  shot-like,  distinctly  circum- 
scrilied  and  prominent  above  the  surface  of  the  section.  The  term 
"yellow  tubercles"  is  applied  to  fnci  which  are  rather  larger,  less  reg- 
ular, less  closely  defined,  and  softer  than  those  just  described.  They 
may  even  form  masses  the  sine  of  a  cherry  or  small  walnut.  In  some 
cases  most  of  the  tuliercles  present  arc  gray,  whilst  in  others  all  are 
yellow  ;  but  it  is  frequently  possible,  in  a  single  organ,  to  find  tubercles 
showing  the  different  stages  in  the  formation  of  a  yellow  from  a  gray 
nodule.  Caseation,  commencing  central'y,  is  the  main  cause  of  the 
difference  between  them.  A  large  mass  of  yellow  tubercle  b  formed, 
not  by  the  continued  growth  of  u  single  gray  tubercle,  but  by  the 
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blending  of  several  arising  close  together  and  by  the  caseation  of  the 
participating  gray  tubercles  and  of  the  intervening  inflamed  tissue. 
It  is  often  possible  to  recognize,  round  a  yellow  caseous  mass,  a  narrow 
gelatinous  zone,  consisting  of  gray  tubercles.  Gray  tubercles  may  also 
be  seen  radiating  from  the  caseous  focus  into  the  surrounding  tissues, 
thus  indicating  that  infection  from  the  central  focus  leads  to  the  forma- 
tion in  its  immediate  neighborhood  of  fresh  tubercles  which,  as  they 
enlarge  and  degenerate,  become  part  of  the  central  mass.  A  yellow 
mass  thus  formed  is  called  conglomerate  tubercle. 

Sometimes,  especially  in  the  lungs,  the  formation  of  giant-cell  sys- 
tems is  followed  by  more  or  less  acute  inflammation  in  the  surrounding 
tissues.    This  may  be  so  great  as  largely  to  mask  the  tubercles  themselves. 

Source  of  the  Cells  in  Tubercles. — Baumgarten's  conclusions  are 
now  generally  accepted.  According  to  these,  the  giant-cells  and  epi- 
thelioid cells  are  derived  from  the  local  tissue-cells,  including  both  epithe- 
lial and  connective  tissue.  Baumgarten,  experimenting  with  albino 
rabbits,  introduced  pure  cultures  of  tubercle-bacilli  into  the  anterior 
chamber  of  the  eye.  In  a  few  days  mitotic  changes  appeared  in  the 
connective  tissue  and  endothelial  cells  of  the  iris.  These  changes 
were  limited  to  the  cells  in  which  bacilli  were  present.  They  were 
followed  by  proliferation  of  the  cells  themselves,  which  gradually 
assumed  an  epithelioid  type.  The  proliferating  patch  was  then  gradu- 
ally invaded  by  leucocytes,  until  they  quite  obscured  the  epithelioid 
cells.  Giant-cells  were  occasionally  present,  but  only  in  the  later  stages ; 
when  present,  they  showed  no  sign  of  division  but  only  of  degeneration. 

Metschnikoff,  on  the  contrary,  maintains  that  the  cells  believed  by 
Baumgarten  to  be  the  progeny  of  connective  tissue  are  uninuclear 
leucocytes.  In  the  case  of  the  lung  he  admits  that  the  endothelial 
cells  of  the  bloodvessels  take  a  share  in  the  process,  and  also  attributes 
to  them  a  phagocytic  function.  In  his  opinion  a  tubercle  is  formed 
by  the  aceumukttion  of  phagocytes  and  not  by  the  proliferation  of  any 
form  of  cell.  Giant-cells,  according  to  his  view,  are  phagocytes  that 
have  combined  for  the  common  weal ;  while  to  Baumgarten  and  Koch 
they  are  single  epithelioid  cells  that  have  begun  to  multiply,  but, 
though  their  nuclei  have  divided  and  their  size  has  increased,  have 
failed  at  the  final  stage  of  cell-division.  In  parts  in  which  epithelium 
is  present,  as  in  the  lung,  liver,  kidney,  or  testicle,  there  can  be  no 
question  but  that  the  epithelial  cells  multiply  freely.  In  a  lung  affected 
by  acute  miliary  tuberculosis  many  of  the  nodules  do  not  contain  the 
giant-cell  systems  above  described,  but  consist  of  collections  of  epi- 
thelial cells  in  the  alveoli.  Giant  and  epithelioid  cells,  formed  appar- 
ently from  alveolar  epithelium,  are  sometimes  present. 

The  giant  cell*  in  tuberculosis  usually  have  their  nuclei  arranged 
round  the  periphery  :  it  has  been  suggested  that  the  outer  zone  of  the 
cell  is  the  part  which  is  best  nourished,  and  that  the  nuclei  lie  there 
for  this  reason.  The  central  part  of  a  giant-cell  is  often  necrotic. 
Giant  cells  in  myeloid  sarcoma  have  their  nuclei  distributed  evenly 
throughout  their  protoplasm. 
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Secondary  Changes  in  Tubercles. — The  cells  forming  a  tubercle 

invariably  undergo  further  changes.  The  principal  of  these  are  ( 1 ) 
fatty  degeneration  and  caseation,  (2)  fibrosis,  (3)  calcification,  and  (4) 
softening. 

1.  Fatty  Degeneration  and  Caseation. — These  changes  are  invariable. 
They  commence  in  the  centre  of  the  nodule,  the  multinuclear  leucocytes 
being  the  first  to  succumb.  The  epithelioid  cells  degenerate  later.  The 
central  portion  of  a  tubercle,  in  which  caseation  is  commencing,  consists 
of  finely  granular  amorphous  d§bris,  containing,  toward  its  periphery, 
shrunken  nuclei — the  relics  of  its  original  cells ;  not  infrequently  a 
more  or  less  degenerate  giant-cell,  containing  tubercle-bacilli,  may  be 
seen  within  the  margin  of  the  caseated  area  or  in  its  immediate  neigh- 
borhood (Fig.  1 96).  The  process  of  caseation  varies  much  in  rapidity. 
It  is  usually  most  marked  in  the  larger  and  more  diffused  lesions,  and 
these  are,  therefore,  as  a  rule,  of  a  yellow  color  and  soft  consistence. 

2.  Fibrosis. — In  other  cases  the  retrograde  change  may  l>e  less 
marked.  The  central  portion  undergoes  fatty  degeneration  and  is  more 
or  less  completely  absorbed,  whilst  the  cells  at  the  periphery  are  grad- 
ually replaced  by  a  dense,  contracting,  fibrous  capsule.  Ultimately  a 
mere  scar  may  remain,  but  small  caseous  areas  are  frequently  present  in 
the  midst  of  the  fibrous  tissue. 

It  will  be  noticed  that  this  "  fibroid  change  "  is  simply  the  encapsu- 
lation of  a  slightly  irritant  foreign  body,  and  occurs  as  readily  round  a 
bullet  or  piece  of  wire  lying  in  the  tissues  as  round  tubercular  organisms 
in  fatty  detritus.  In  both  cases  it  must  be  regarded  as  an  attempt  at 
repair.  This  replacement  of  the  tuberculous  tissue  by  scar-tissue  occurs 
in  the  smaller  lesions  and  in  many  of  larger  size  which  oj>en  upon  the 
inner  or  outer  surface  of  the  body,  and  from  which  the  infective  mate- 
rial can  be  thus  discharged.  The  change  obviously  tends  to  protect 
the  organism  against  general  infection  from  the  focus  in  which  it  occurs, 
and  indicates  that  the  tissues  have  gained  the  upper  hand  and  have 
imprisoned  the  bacilli.  When  complete  it  is  the  most  favorable  change 
that  can  j>ossibly  occur. 

Sometimes,  especially  in  cases  which  have  run  a  chronic  course,  and 
in  which  the  diagnosis  may  have  been  "  chronic  bronchitis,"  hard,  glassy 
bodies,  often  specked  with  black  pigment,  are  found  in  the  lung-tissue. 
There  is  no  caseation,  and  the  microscope  shows  the  masjjes  to  consist 
of  almost  hyaline  fibrous  tissue.  This  complete  fibroid  transformation 
is  said  to  occur  occasionally  in  lymphatic  glands,  and  indicates  that  the 
bacilli  are  dead.  On  the  other  hand,  while  the  caseated  material  per- 
sists, the  focus  remains  infective,  and  the  organisms,  though  quiescent, 
are  alive. 

3.  Calcification  may  follow  caseation  if  the  cheesy  products  be- 
come encapsuled  and  almost  all  the  fluid  is  absorbed ;  the  deposit  of 
lime-salts  in  this  cheese-like  material  converts  it  either  into  a  gritty 
mass  or  into  an  irregular  stony  body.  Caseous  mesenteric  glands  are 
especially  prone  to  this  change.  Calcification  principally  affects  very 
old  limited  lesions.  When  the  calcification  is  complete,  the  lesion 
ceases  to  be  infective. 
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Sections  of  the  small  calcareous  particles,  when  decalcified  and 
examined  under  the  microscope,  are  seen  to  consist  of  a  series  of  con- 
centric layers.  These  layers  are  coni|>osed  of  a  substance  which, 
according  to  Metschnikoff,  gives  the  same  reactions  as  that  forming 
the  envelopes  of  the  tubercle-bacilli.  Arguing  from  his  experiments 
on  Algerian  rats,  he  maintains  that  these  layers  are  formed  by  degener- 
ative changes  in  the  bacilli  within  the  giant-cells,  and  that  they  subse- 
quently become  infiltrated  with  phosphate  of  calcium.  They  are, 
therefore,  to  be  regarded  as  by-products  of  the  struggle  between  the 
cell  and  the  bacilli. 

4.  Softening.  (Chronic  Ahxcvtot.) — Caseous  masses  do  not  always 
dry  up  and  become  encapsuled,  but  often  soften  and  break  down  into 
the  pus  of  a  chronic  abscess ;  and  even  when  they  have  become 
encapsuled  and  calcified,  softening  may  occur  round  about  them  :  a 
chronic  abscess  forms,  and  the  dead  material  is  discharged.  While  the 
smaller  encapsuled  foci,  and  esj>ecially  those  which  lie  deep  in  the 
substance  of  organs,  Income  dry  and  calcified,  the  extensive,  diffuse* 
lesions,  and  those  lying  near  a  skin  or  a  mucous  surface,  tend  to  soften  : 
in  other  words,  the  less  the  resistance  of  the  tissues,  the  greater  is  the 
tendency  to  softening.  It  seems  that  some  irritation  of  the  tissues  is 
the  cause  of  the  exudation  of  fluid  into  the  caseous  mass,  and  that 
this  exudation  changes  the  latter  into  a  chronic  abscess ;  for  an  exami- 
nation of  the  "  pus  "  of  a  chronic  abscess  shows  that  it  consists  chiefly 
of  fatty  granules  susj>ended  in  fluid,  with  here  and  there  a  fattily 
degenerated  granular  leucocyte.  It  is  thus  quite  different  microscopi- 
cally from  that  of  an  acute  abscess  (p.  172).  It  differs  also  to  the 
naked  eye,  being  generally  whiter  and  thinner  than  true  pus,  while  it 
often  contains  curdy  masses,  which  may  be  either  gritty  or  stony  from 
calcification.  The  large  majority  of  chronic  abscesses  are  of  tulwrcular 
origin.  So  chronic  is  the  process  that  there  is  often  no  sign  of  inflam- 
mation until  just  before  the  "  abscess "  bursts,  when  the  tense  skin, 
where  it  is  jxrinting,  becomes  red,  shiny,  and  progressively  thinner. 
Ultimately  the  epidermis  bursts,  and  the  cavity  discharges  its  contents. 
The  wall  of  such  a  cavity  is  lined  by  a  thick  layer  of  pale  purplish 
granulation-tissue,  in  which  are  yellow  foci.  This  lining  is  so  loosely 
adherent  to  the  surrounding  tissues  that  scraping  with  a  shaq>  spoon 
easily  detaches  it,  and  brings  it  away  either  entire  or  in  large  pieces. 
The  tissues  beyond  it  are  not  infiltrated.  It  is  very  ini|M>rtant  that  this 
lining  should  Ik?  removed  from  such  abscesses,  as  well  as  the  base  of 
any  ulcers  resulting  from  their  rupture  ;  for  it  is  in  these  j>ortions  that 
the  tubercle-bacilli  reside,  and  healing  is  impossible  until  the  diseased 
layer  with  the  infecting  organisms  has  been  removed  and  replaced  by 
healthy  granulation-tissue.  The  contents  of  these  abscesses  are  infective, 
and  produce  general  tul>erculosis  when  injected  into  animals. 

This  account  of  the  formation  of  a  chronic  abscess  holds  good  in  all 
cases — in  the  subcutaneous  tissue  {HubcutaneouH  xtrumou*  nodule,  so  com- 
mon in  children);  in  a  lymphatic  gland  (strumous  abuce**);  in  the  lung, 
where  sooner  or  later  it  bursts  into  a  bronchus,  discharges  its  contents, 
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and  form*  u'cm-i/i/  or  pomioa  ;  in  the  thickened  synovia]  membriur <d 
a  tuberculous  joint   (wJWfa  autSmff)  ;   and  in  DQMB,  M    i-   m  iniww 
of  the  spine.      The   chronic  absees.-cs  which  arise   in   conned 
deep    bones,    especially    those    of    the     spine,    are     fVcqUMltrj 
gravitation  rifntriwx,  because    the    "  pus  "   often  extends    lOOg   dL-lawn 
among  the  soft  parts,  usually  in  the  direction  toward  ihf  fa  i 
reaches  the  surface.     But  extension  by  no  means  alwaya  ocoun  in  (In- 
direction, and,  when  it  does  occur,  is  not  arrested  by  placing  the  p»ti™t 
in  the  horizontal  position.      We  may  therefore  conclude  that 
as  in  all  other  oases,  the  "  pus"  spreads  in  the  direction  of  li 
ance,  and  that  gravity  has  comparatively  little  to  do  with  it 
have  been  recorded  of  such  an  abscess  starting  from  tl 
lumbar  vertebra',  entering   the  sheath   of  the   psoas,  causms. 
nlisorption  ..t'  Us    muscular   fibre-,  working   its  waj    I 
ligament,  taking  the  course  of  the  profunda  artery,  p 
adductor  magnua  into  the  popliteal  -pace,  penetrating  between  tl»  ana* 
Heial  and  deep  posterior  leg-muscles,  and  finally  pointh 
malleolus.     Such  an  abscess  is  contained   in  a  dense  fibre* 
formed  by  inflammatory  thickening  of  the  natural  connect!' 
The   sheath    is   sometimes    strong    enough    to    be   disi 
The  cavity  is  crossed  by  fibrous  bands,  which  may  contain  viwkwi 
care  must  be  taken  lest  a  finger  introduced  during  life  tear  them.    TV 
inner  lining  of  the  wall  of  the  ca\  itj  is  but  slightly  vascular — thee** 
tru*t  between  the  chronic  and  acute  hImv-  in    ilii-   reaped    I 
marked.      It  is  usually  coated  with  a  cheesy  deposit  of  irregu 
ness,  outside  which  lies  a  very  thin  layer  of  gnuiulntion-tiasUe.     At  ti* 
upper  extremity  is  the  diseased  bone — the  foitx  <•!  origo  ma/oni*. 

Infection  of  Other  Parts. — 1.  By  Lymphatics. — Tit  ihi-  wavmv* 
of  congUimfrnU-  tubavk  (p.  33B)  and   patches  of  infil 
such  as  those   of  the  skin  (scrofuMrrmtt),  are  formed.       Il   is 
that  leucocytes  enter  the  primary  liieus,  lake  up  bacilli,  and 
again  along  fine  lymphatics  into  the  surrounding  tissues,  there  iomA* 
and  die  not  far  from  the  [Kircttt  mass.      A  fresh  tubercle  thus  ■ 
caseates,  and  its  margin  coalesces  with   that  of  the   parent    m 
in  this  way  gradually  enlarges.     The  young  tubercles  form  tin-  pn™' 
translucent  ring,  with  here  and   there  tin   offshoot,  seen  round  the  Ag- 
glomerate mass.      leucocytes  containing  bacilli,  and   free  i 
also   carried    by  the   lymph-stream    to   the    nearest    ghoul. 
process  of  infection  of  mesenteric  glands  from  an  ii  ■■ 
sometimes  be  t  raced  by  the  presence  nf  tubercles  alonjj  the  lr 
lymphatics.      Infection  by  Ivmpaties   i-    most  frequent   when  : 
marked  lesion  at  the  point  of  entrv — <■■  ;/.,  in  luliercular  nh 
(he  in  test  inc.      Tubercles  have  been  found  in  the  thoracic  dm*  in  O^ 
of  acute  tiiUTculu-i- ;  this  is  evidence  that   the  bacilli   paw* 
channel  I"  the  blood. 

The  liin,j,lmi,i  li'.-iu-  i-   not   only  the   medium    by  win. 
spreads,  it  is  also  the  place  where  ihe  luliercle-hacilli  are  most  acting 


TUBERCULOSIS.  355 

attacked,  and  where  therefore  they  are  most  likely  to  be  destroyed.  If 
the  organisms  pass  the  lymphoid  follicles  in  the  mucous  membrane,  they 
have  still  to  deal  with  the  lymphatic  glands  beyond. 

A  somewhat  strained  analogy  has  been  drawn  between  the  collec- 
tions of  lymphoid  tissue  distributed  along  the  mucous  surfaces  and  the 
fortified  towns  which  guard  a  frontier.  The  lymphoid  masses  serve  as 
garrisons  from  which  leucocytes  issue  out  and  deal  with  any  organisms 
they  may  chance  to  meet.  Unfortunately  the  discriminating  power  of 
the  phag<n;ytes  is  not  equal  to  the  occasion,  and  they  sometimes  carry 
back  within  them  bacilli  whose  subsequent  development  reminds  one 
of  the  old  story  of  the  Trojan  horse. 

2.  By  some  Natural  Passage. — A  sudden  inspiration  following  the 
bursting  of  a  tuberculous  focus  into  a  bronchus  draws  the  infective 
material  into  many  of  the  smaller  bronchi,  with  the  result  that  a 
caseous  broncho-pneumonia  develops  simultaneously  in  many  parts  of 
the  lung.  In  the  same  way  the  palate  may  be  infected  from  the 
tongue,  the  intestine  from  swallowed  sputum,  and  the  lower  urinary 
tract  from  the  kidney. 

3.  By  Bloodvessels. — The  walls  of  bloodvessels,  especially  in  the 
lung,  may  be  affected  by  tuberculosis.  The  caseating  foci  may  rupture 
into  the  lumen  and  the  bacilli  be  carried  in  the  blood-stream  to  distant 
parts.  The  thoracic  duct  may  also  act  as  the  channel  by  which  the 
bacilli  reach  the  blood-stream. 

In  one  or  more  of  these  different  ways  the  organisms  reach  the 
blood  and  are  carried  all  over  the  body,  developing  when  and  where 
the  conditions  are  suitable — in  the  lungs,  meninges,  joints,  or  other  parts'. 
If  the  supply  of  bacilli  is  plentiful,  the  case  is  likely  to  be  acute. 

General  Infection. — An  acute  miliary  tul>erculosis  of  the  meninges, 
lungs,  peritoneum,  and  various  alxlominal  viscera  plainly  implies  that 
a  large  number  of  bacilli  have  found  their  way  within  a  short  space  of 
time  into  the  blood :  the  result  is  similar  to  that  following  the  intra- 
venous injection,  in  rodents,  of  a  syringeful  of  a  pure  cultivation  of 
the  bacilli.  To  provide  the  large  number  of  organisms  necessary  to 
produce  this  general  infection,  multiplication  must  have  first  occurred 
in  some  part  of  the  body.  The  focus,  in  which  this  multiplication 
most  often  takes  place,  and  whence  general  infection  usually  starts, 
is  a  caseous  bronchial  gland.  The  caseous  matter  probably  enters 
directly  into  the  blood-stream,  by  means  of  an  opening  formed  by 
ulceration  into  a  small  vein  or  artery.  Acute  miliary  tuberculosis  may, 
however,  spread  from  any  localized  focus  containing  living  bacilli. 
Extension  by  means  of  a  lymphatic  vessel  leads  to  the  formation  of 
tubercles  along  this  vessel,  or  in  glands  through  which  the  lymph 
passes.  If  the  thoracic,  or  right  lymphatic,  duct  be  affected,  the  organ- 
isms find  their  way  into  the  systemic  veins.  They  next  reach  the 
lungs,  and  the  bacilli  are  so  small  that  they  may  easily  pass  through 
the  pulmonary  capillaries  into  those  of  the  systemic  circulation. 

Limitations  of  General  Infection. — The  term  acute  general  miliary 
tuberculosis  has  hitherto  been  used  in  contradistinction  to  localized  tuber- 
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cidosis—f.  </.,  a  mass  of  conglomerate  tubercle  in  the  brain,  or  a  caseous 
gland.  But  even  a  "  general "  tuberculosis,  due  apparently  to  the  rapid 
entrance  of  numbers  of  organisms  into  the  blood,  is  far  from  being  really 
general ;  for  while  the  lungs,  spleen,  liver,  kidneys,  testes,  and  meninges 
are  very  frequently  affected,  the  voluntary  muscles,  mammae,  ovaries, 
and  thyroid  gland  nearly  always  escape.  Thus  a  series  of  regular 
gradations  occur,  commencing  with  (1)  the  most  wide-spread  miliary 
tuberculosis,  and  including  successively  (2)  cases  of  miliar}*  tul>erculosis 
limited  to  the  meninges  or  peritoneum  ;  (3)  cases  of  multiple  infiltrat- 
ing tuberculosis — i.  e.9  tubercle  limited  to  glands,  skin,  or  bones  and 
joints ;  and  finally  (4)  cases  in  which  a  single  spot  of  skin,  a  single 
joint,  or  a  single  gland  is  affected. 

The  selection  of  special  organs  in  "  general "  tul>crculosis  seems  to 
indicate  local  predisposition  on  the  part  of  these  organs.  In  this  way 
the  limitation  of  the  infection  to  the  meninges  can  be  explained. 
There  is  no  reason  for  assuming  that  the  bacilli  are  arrested  in  them 
rather  than  in  other  parts.  The  same  explanation  appears  applicable 
to  cases  of  limited  miliary  tuberculosis,  and  may  possibly  be  the  reason 
why  tubercular  meningitis  affects  the  base  rather  than  the  convexity 
of  the  brain.  Again,  there  seems  no  other  explanation  to  offer  of  what 
seems  to  be  a  well-established  clinical  fact — viz.,  that  children  who 
suffer  from  multiple  lesions  of  skin,  glands,  lx>nes,  and  joints  do  not 
develop  visceral  tuberculosis  nearly  so  often  as  those  in  whom  a  single 
joint  is  affected. 

Next,  with  regard  to  the  done  of  organisms :  this  may  be  large  or 
small.  It  may  be  single,  or  it  may  l>e  repeated  at  longer  or  shorter 
intervals.  The  different  doses  mav  come  from  the  same  or  from  differ- 
ent  foci,  giving  rise  to  successive  "  crops  "  of  tubercles,  distinguishable 
after  death — the  more  recent  being  small  and  gray,  and  the  older  large 
and  yellow.  When  only  a  few  bacilli  enter  the  circulation  at  one  time, 
the  infiltrations  which  they  excite  reach  a  far  larger  size  than  they 
could  possibly  attain  in  the  speedily  fatal  cases  of  general  tuberculosis. 
Many  of  the  cases  in  which  single  glands  are  affected  are  doubtless  due 
to  infection  from  small  wounds  or  tubercular  sores,  either  of  the  skin 
or  of  the  mucous  membrane  from  which  they  obtain  their  lymph- 
supply.  But  many  cases  of  localized  tulnTculosis,  especially  of  bones 
and  joints,  admit  of  no  such  explanation  :  these  Koch  believed  to  be 
due  to  the  entry  of  a  single  bacillus  into  the  circulation  and  its  lodge- 
ment in  the  affected  part,  and  considered  that  in  these  cases — as  in 
those  of  wide-spread  infection — the  organism  is  obtained  from  some 
primary  focus,  usually  a  bronchial  gland,  whence  it  has,  as  it  were, 
accidentally  slipped  by  the  lymph-path  into  the  blood.  He  thought  it 
highly  improbable  that  even  a  single  organism  could  pass  from  an 
alveolus  into  a  capillary  of  the  lung  without  causing  a  tubercular  focus 
on  the  wav. 

The  seat  of  infection  may  assist  in  explaining  some  peculiarities  of 
the  disease,  and  should  l>e  borne  in  mind. 

It  is  impossible  to  explain  why  some  tubercular  processes  remain 
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local,  whilst  others  generalize.  Blocking  of  lymphatics,  exemption  of 
the  walls  of  blood-vessels,  feeble  local  growth  of  the  bacillus,  healthy 
resistance  on  the  part  of  the  tissues  in  general,  may  afford  hypothetical 
explanations. 

Etiology. — The  circumstances  leading  to  infection  by  the  tubercle- 
bacillus  far  outweigh  all  other  considerations,  and  these  have  already 
been  described. 

Age  and  Sex. — The  disease  is  very  prevalent  during  the  first  two 
years  of  life.  The  death-rate  then  falls,  and  remains  low  until  al>out 
the  tenth  year,  when  it  begins  to  rise  again.  The  rise  begins  some 
years  earlier  in  the  case  of  girls  than  in  that  of  boys,  though,  when  all 
ages  are  considered  together,  the  sexes  are  found  to  be  equally  affected. 
Tubercular  disease  is  often  apparently  quiescent  during  pregnancy,  but 
is  frequently  fatal  soon  after  parturition  ;  and  death  from  phthisis  is 
often  attributed  to  "  childbirth." 

Heredity. — There  is  a  firm  belief  in  the  hereditary  nature  of  tuber- 
culosis, and  especially  of  pulmonary  tuberculosis.  From  the  statistical 
point  of  view  the  belief  probably  rests  on  stronger  evidence  than  has 
yet  been  adduced,  for  many  cases  of  tuberculosis  die  unrecognized,  and 
in  many  others  the  disease  is  arrested — neither  of  these  classes  appear- 
ing in  the  statistics. 

Three  explanations  of  the  influence  of  heredity  in  tuberculosis  have 
been  put  forward : 

(1)  It  is  suggested  that  all  cases  are  due  to  infection  from  the 
outside  alone,  and  that  heredity  acts  either  (a)  by  subjecting  the 
individual  to  more  than  the  average  chances  of  infection,  and  causing 
him  to  live  in  infected  rooms  with  infected  persons,  and  to  use  infected 
articles ;  or  (6)  by  aiding  in  the  development  of  habits  (for  example, 
alcoholism)  which  render  him  less  resistant  to  invasion.  There  can  be 
but  little  doubt  that  this  explanation  is,  in  a  large  number  of  cases, 
correct,  but  it  certainly  is  not  universally  applicable ;  for,  in  many 
instances,  long  intervals  elapse  between  the  death  of  a  parent  from 
phthisis  and  the  outbreak  of  the  disease  in  the  children  ;  while  the 
locality,  house,  and  general  surroundings  are  all  different.  Further- 
more, it  has  frequently  been  noted  that,  even  when  the  children  of  a 
phthisical  parent  are  widely  separated  and  living  average  healthy 
lives  under  diverse  conditions,  they  still  seem  especially  liable  to 
infection. 

(2)  According  to  Baumgarten,  the  solution  of  this  question  lies  in 
the  actual  transmission  of  the  bacillus  from  parent  to  embryo,  and  in 
its  latent  existence  in  the  tissues  for  many  years.  According  to  him, 
infection  may  occur  before  or  about  the  time  of  fertilization ;  the 
bacilli  reaching  the  uterus  from  the  peritoneum  through  the  Fallopian 
tube,  or  gaining  access  with  the  spermatozoa.  The  evidence  in  support 
of  this  view  is  derived  almost  exclusively  from  experiments  on  animals. 
It  seems  to  be  reasonably  certain  that  tubercle-bacilli  and  some  other 
organisms  can  exist  for,  at  any  rate,  some  weeks  in  a  quiescent  state 
among  actively  growing  cells,  and  later  on  multiply  and  produce  their 
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usual  effects.  One  of  the  experiments  showing  this  may  be  quoted. 
Fertilized  hens'  eggs  were  inoculated  with  tubercle-bacilli ;  the  chicks 
were  hatched  at  the  ordinary  time,  and  were  normal  in  appearance. 
•  Three  weeks  later  tuberculosis  rapidly  developed.  There  is  certainly 
some  reason  to  believe  that  tubercle-bacilli  may  exist  for  a  time  in  tis- 
sues without  producing  tubercles.  They  have  l>een  found  in  the 
apparently  healthy  teste*  ami  prostate  in  cases  of  tuberculosis  of  other 
organs ;  while  the  fietus  of  a  phthisical  mother  has  served  to  infect 
animals  though  itself  apparently  free  from  disease.  But  if  these  organ- 
isms often  exist  in  seminal  discharge  and  thus  affect  the  ovum,  it  is  at 
least  curious  that  tuberculosis  of  the  female  generative  organs  is  h» 
rare ;  nor  is  it  easy  to  l>elieve  that  bacilli  can  lie  latent  in  the  lx>dy  for 
ten  or  twenty  years.  Furthermore,  this  theory  in  no  way  explains  the 
peculiarities  of  the  disease  as  regards  age  or  sex,  which  have  been 
alreadv  alluded  to.  The  iHxssibilitv  of  this  form  of  hereditary  influence 
must  be  decided  by  further  investigations. 

(3)  The  least  definite,  but  the  most  probable,  explanation  is  that 
of  some  special  predis|>ositi<>n  of  the  tissues  to  tuberculosis  (p.  35^), 
such  as  is  now  generally  recognized  to  exist,  in  a  less  degree,  in  the  case 
of  such  diseases  as  typhoid  fever  and  diphtheria.  In  no  other  way 
can  the  objections  to  the  other  explanations  be  met.  We  have  no 
knowledge  of  the  physical  factors  in  which  this  predisj>osition  eonsi>ts. 
A  small  flat  chest  and  a  tendency  to  catarrh  are  often  present  in  people 
who  ultimately  develop  phthisis ;  and  the  absence  of  free  respiratory 
movements  is  held  to  favor  the  development  of  the  bacilli.  The  recov- 
ery of  certain  cases  of  phthisis  is  explained  on  the  assumption  that  the 
soil  which  was  at  one  time  favorable  to  the  growth  of  the  bacillus 
became  at  a  subsequent  period  unfavorable  ;  and  as  tul>erculosis  is 
readily  arrested  in  some  individuals,  it  is  not  unreasonable  to  suppose 
that  in  others  the  bacilli  are  not  even  able  to  multiply  and  give  rise  to 
their  characteristic  lesions.  Jt  is  quite  certain  that  some  animals  are 
far  more  susceptible  than  others  to  the  disease. 

Immunity  to  tuberculosis  may  be  produced  in  animals  by  inocula- 
tion with  attenuated  bacilli,  or  with  bacilli  belonging  to  a  different 
strain.  Koch  has  endeavored  to  raise  the  resistance  of  persons  already 
infected  with  tuberculosis,  by  injecting  them  with  a  solution  of  the 
bodies  of  the  bacilli  (neir  tuberculin)  or  with  the  actual  bacilli  sus- 
|>ended  in  an  emulsion.  The  value  of  these  methods  of  procedure  is 
still  undecided.  The  serum  of  healthy  persons  possesses  some  power 
of  neutralizing  the  toxines  of  the  tubercle  bacillus;  that  of  tubercu- 
lous patients  is  said  not  to  have  this  power  (Mircoli).  Destruction  of 
the  bacilli  is  probably  effected  by  leucocytes,  aided  by  some  special 
substance  devclo|>cd  in  the  serum. 

Tuberculosis  of  the  Larynx. 

Tuberculosis  of  the  larynx  (Laryngeal  Phthisis)  is  generally 
secondary  to  tuberculosis  of  the  lungs,  and  is  then  due  to  infection 
from  the  sputum.     It  commences  as  sub-epithelial  tubercles,  situated 
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ii  the  arytciio-epiglottie  (bids,  on  the  cords,  and  on  the  under 
m*Hwc  of  the  epiglottis.  These  may  be  few  or  numerous,  and  may 
■Ideate  early — especially  on  the  cords — or  may  multiply  and  form  a 
difJuse  infiltration,  which  in  the  arytenu-epighittic  fold  produces  a  pear- 
Httped  Bwelling  with  its  large  end  towanl  ifs  fellow  in  the  mid-line. 
Tin.'  caseOOfl  masses  rapture  and  ulcerate.  In  this  way  considerable 
masses  of  tuberculous  gran  la t  ion-tissue  may  he  formed  above  the  vocal 
lOnig.  Later  on,  secondary  infection  with  pyogenic  cocci  may  lead  to 
and  necrosis  of  cartilage,  to  hectic  fever,  exhaustion  and 
death.  Tubercular  ulcers  may  BOiuctimrs  be  distinguished  from  those 
due  in  syphilis,  or  to  new-growths,  by  the  small  amount  of  new  tissue 
in    tlii'ir  floor  and  margins,  and  by  the  absence  of  cicatrices. 

Tvbercttfar  U&ers  •>•  the  trachea  are  usually  small  and  superficial,  and 
llao  arise  from  the  breaking  down  of  sub-epithelial  tubercle:-.  Occasion- 
al lv-  they  arc  both  deep  and  extensive,  and  may  be  followed  by  abscesses 
»»i<J  necrosis  of  the  cartilages. 

Tuberculosis  of  the  Lungs. 

In  pulmonary  tuberculosis  are  found  the  most  varied  manifestations 
"'"     iln  growth  and  action  of  tubercle-bacilli. 

The  infecting  organisms  maybe  brought  to  the  lungs  (1)  by  the 
''''  "ti,  (2)  by  the  lymphatics,  and  (3)  by  the  air-passages. 

1.  Infection  by  the  Blood.      ( Ilinmahit/enoiut  Pulmonary  Tuberculosa.) 

■ Although  in  a  few  cases  no  primary  focus  can  be  found,  this  form  of 

in  fiction  must  be  regarded  as  secondary  to  tuberculosis  of  some  other 
p:irt.  The  bacilli  enter  the  circulation  from  the  rupture  of  a  case- 
oixss  nodule  in  some  distant  artery  or  vein,  or  from  the  lymphatic 
V*ten  by  way  of  the  thoracic  duct,  and  are  arrested  in  the  alveolar 
I  kflbries. 

When    large    numbers  of    bacilli    are    thus    uniformly    distributed 

tnwugbout  the  lungs,  innumerable  giant-cell  systems  make  their  ap- 

■    in  the  alveolar  walls  (Fig.   197).     The  capillaries   in  their 

"  »  fiicdiate  neigh burbot id  are  destroyed,  and  the  adjoining  alveoli  become 

fi*l«d  up  with  desquamated  epithelium  and  leucocytes  (Fig.  198).     Ry 

"*ia  time  the  tubercle  is  spheroidal  in  shape,  and  visible  to  the  naked 

:i';iy   tubercles  being  generally  composed  of  two,  three,  four  or 

BU  *k  giant-cell  systems.     Enough  caseation  to  give  the   tuberculous 

O"  N  tales  a  slightly  yellowish  appearance  may,  in  some  instances,  follow. 

■V     little  later,  the  development  of  fresh  giant-cell  systems  on  the  borders 

0*       these  yellow    tiilnTeles   and    the    inflammatory    exudation   into  the 

alveoli  llnj  alveolar  walls  make  them  larger  and  less  sharply  defined  ; 

b**t  in  these  eases  many  other  organs  may  lie  affected  simultaneously, 

nd  death    supervene   before    any    marked   destruction   of  tissue   takes 

fnaoe.     The  smaller  bronchial  tubes  may  be  hypenemic  and  contain  an 

■:"  mucus,  and  minute  patches  of  emphysema  and  collapse  may 

•*  found.     When  the  infection  is  more  limited  and  the  tuberculous  foci 

more  prolonged  and  the  usual  secondary  changes  have 
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to  some  extent  upon  differences  in  the  age  of  the  nodules,  but  are  mainly 
due  to  the  number  and  rapidity  of  growth  of  the  organisms  in  each 
focus.  If  the  bacilli  be  numerous  and  multiply  rapidly,  the  tubercles 
will  consist  in  the  main  of  accumulations  of  epithelium  within  the  pul- 
monary alveoli,  and  will  rapidly  undergo  caseation  (Fig.  199).  If  the 
growth  of  the  bacilli  be  less  active,  typical  "  giant-cell  systems "  will 
form  and  the  nodules  will  attain  a  more  advanced  age ;  while  degenera- 
tion will  be  less  rapid  and  complete  (Fig.  197).  Lastly,  if  the  organ- 
isms be  very  few  and  their  multiplication  slow,  as  in  the  least  intense 
and  most  chronic  processes,  the  proliferation  of  the  tissue-cells  reaches 
its  maximum  (Fig.  19ft),  and  considerable  fibroid  induration  results. 
Degeneration  takes  place  slowly,  and  is  limited  to  the  central  portions 
of  the  nodule.  A  close  analogy  can  thus  be  drawn  between  the  tissue- 
changes  resulting  from  tuberculosis  of  the  lungs  and  those  which  result 
from  other  chronic  inflammatory  processes  (p.  1 73). 

3.  Infection  by  the  Lymphatics.  (Lymphogenous  pulmonary  tuber- 
culoma.)— Not  infrequently,  especially  in  children,  tubercle-bacilli  may 
reach  the  bronchial  glands  by  means  of  the  air-passages  and  bronchial 
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(njr  tubercle  from  the  lung  in  ■  cue  of  acute  general  lubcrcuU 
tubercle,  which  wo  lurrounded  by  normal  lung,  Is  nflowu     It  cum 
nlveolir  product*.     X  35. 

■li.    The  whole  of  the 
lau  principal  1 7  of  Intra- 

lymphatics  without  producing  any  local  lesion  in  their  track.  On  rare 
occasions  the  bronchial  glands  may  also  be  infected  through  the  dia- 
phragm from  the  mesenteric  glands.  In  both  cases  the  substance  of  the 
lung  may  be  infected  from  the  resulting  tuberculous  glands.  Infection 
generally  proceeds  in  a  somewhat  radiating  manner  from  the  root  of  the 
lung  by  means  of  the  lymphatics,  and  especially  by  those  that  lie  under 
the  pleura. 

It  occasionally  happens  that  a  local  tubercular  disease  of  the  lung 
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and  pleura  may  follow  that  of  an  adjoining  rib  or  vertebra.  From  such 
a  centre  the  disease  may  spread  in  any  of  the  usual  ways. 

The  nature  and  progress  of  the  lesions  in  no  way  differ  from  other 
forms  of  tuberculosis  in  which  the  lymphatics  are  involved. 

3.  Infection  by  the  Air-passages.  (Pneum'atogenous  pulmonary  tuber- 
culosis.)— This  form  of  pulmonary  tuberculosis,  commonly  known  as 
"  phthisis,"  is  almost  invariably  the  result  of  inhaling  tubercle-bacilli 
with  the  respired  air  (p.  346).  In  exceptional  cases  it  may  be  due  to 
the  discharge  of  the  contents  of  a  caseous  nodule  in  the  larynx,  or  to 
the  rupture  of  a  caseous  bronchial  gland  into  a  bronchus.  Whichever 
be  the  method  of  infection,  the  bacilli  find  their  way  into  the  alveoli, 
and  the  disease  follows  the  same  course ;  though  in  cases  of  ruptured 
bronchial  glands,  the  foci  of  infection  are  more  numerous,  and  spread 
more  rapidly,  because  enormous  numbers  of  bacilli  are  thereby  simul- 
taneously introduced,  whereas  in  the  case  of  ordinary  infection  probably 
not  more  than  two  or  three  are  deposited  at  a  time. 

In  adults,  the  first  sign  of  infection  is  generally  the  presence  of  tuber- 
cular changes  in  the  upper  lobe  of  one  of  the  lungs — more  often  of  the 
left — near  the  apex.  The  few  tubercle-bacilli  which  are  deposited  in 
the  bronchioles,  alveoli  or  lymphatics,  and  which  escape  destruction, 
multiply  and  give  rise  to  a  number  of  giant-cell  systems,  consisting  of 
proliferated  epithelium  and  connective  tissues  with  varied  proportions 
of  leucocytes  in  the  periphery.  Ordinary  gray  tubercles  are  thus  formed 
in  the  way  already  described  (p.  350).  These  gradually  develop  into 
larger  nodules  with  caseous  centres  (yellow  tubercles),  or  rapidly  give 
rise  to  patches  of  broncho-pneumonia.  If  the  walls  of  neiglilx>riiig 
arterioles  become  involved  and  weakened  by  the  formation  of  tubercles, 
the  vessels  may  rupture,  and  minute  hemorrhages  occur,  giving  rise  to 
the  slight  haemoptysis  which  is  so  frequently  met  with  in  early  phthisis. 

While  these  changes  have  l>een  taking  place,  a  considerable  amount 
of  fibrous  tissue  may  have  developed — an  amount  sufficient,  in  some 
instances,  to  enclose  the  whole  of  the  diseased  area,  which  gradually 
shrinks  until  it  forms  a  small  cheesy  nodule  with  a  thick  fibrous  envelope, 
or  a  deeply  puckered  scar  at  the  extreme  apex  of  the  lung  without  any 
remaining  sign  of  the  original  caseation.  These  are  the  most  favorable 
terminations  of  the  infection.  Not  infrequently,  however,  while  the 
development  of  fibrous  tissue  is  marked  at  one  |>art  where  the  disease 
is  quiescent  it  is  almost  absent  at  others  where  progressive  infection  is 
occurring  through  the  medium  of  the  lymphatics.  It  is  generally 
observed  that,  long  before  the  whole  of  the  upper  lobe  is  involved, 
tubercles  make  their  appearance  at  the  apex  of  the  lower  lobe.  It  is 
sometimes  held  that  this  fresh  infection  is  due  to  the  implication  of  the 
bronchial  glands  from  the  original  foci,  and  to  the  subsequent  transmis- 
sion of  the  bacilli  mainly  by  the  subplcural  lymphatics ;  but  it  is  most 
likely  the  result  of  direct  infection  by  the  air-passages — the  inhaled 
bacilli  being  derived  either  from  the  sputum  or  from  an  external  source 
similar  to  that  which  gave  rise  to  the  primary  disease.    Secondary  infec- 
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tion  will  be  promoted  by  forced  inspiration,  the  result  of  active  exercise 
(Fig.  200). 

The  subsequent  changes  are  so  varied  that  it  is  impossible  iu  a  short 
description  to  include  all  tlie  possible  appearances  to  which  the  disease 
may  give  rise.  The  spread  of  the  original  foci  involves  large  tracts 
of  tissue,  and  the  intervening  parts  of  the  lung,  which  are  at  first  un- 
altered, become  invaded  either  by  tubercular  nodules  or  by  ill-defined, 

Fib.  200. 
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Pulmonary  tuberculosis.  Kectiun  through  upper  lobe  of  right  lung,  seen  from  behind.  Secon- 
dary infection  from  lung  of  opposite  title  by  means  of  air-puugci.  The  tubercular  mutes 
are  mainly  grouped  round  the  smaller  bronchial  tubes,  while  the  lymphatic  glands  are  only 
•lightly  Involved,  -l.normsl  lung;  A,  small  tubercular  nodule;  C,  larger  tubercular  noduls; 
D,  large  mill  of  tubercle  ;  E,  adherent  Interlobar  pleura :  F,  bronchial  glands  with  pigment. 


scattered  broncho-pneumonic  patches  which  spread  and  in  many  places 
become  confluent.  If  various  consolidated  portions  of  a  phthisical  lung 
be  examined  microscopically  it  will  be  found  that,  excluding  those  parte 
which  obviously  consist  of  large  areas  of  cuseuting  or  fibroid  tissue,  the 
following  changes  can  in  most  cases  be  made  out :  (1)  An  accumulation 
of  epithelial  or  other  cells  within  many  of  the  alveoli ;  ('.£)  a  cellular 
infiltration  and  consequent  thickening  of  the  alveolar  walls,  together 
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with  a  similar  change  in  the  walls  of  the  terminal  bronchioles;  and 
(3)  an  increase  in  the  interlobular  connective  tissue.  These  changes 
are  generally  associated,  although  some  of  them  are  more  prominent 


Acute  phthisis.  A  transverse  section  of  a  terminal  bronchus  with  tbe  surrounding  alveoli. 
»Ii owing  the  tubulated  character  of  the  pulmonary  consolidation,  a.  Thickened  and  inflamed 
bronchial  wall;  b,  cavity  of  bronchus  containing  a  little  mucin;  e,  alveoli  fl i led  with  catar- 
rhal products ;  d,  remnants  of  obliterated  alveoli  and  alveolar  contents,  which  have  under 
gone  caseation ;  t,  **,  Inflammation  spreading  to  alveoli ;  /,  thickened  alveolar  walls.     X  35- 

and  characteristic  than  others.  The  special  prominence  of  any  one  of 
them  helps  to  produce  those  variations  in  the  physical  characters  of  the 
lungs  which  are  met  with  in  the  different  stages  and  in  the  different 
varieties  of  the  disease. 

1.  An  Accumulation  of  Celln  within  the  Alveoli. — This  is  one  of  the 
most  frequent  changes  met  with  in  phthisis,  and  is  precisely  similar  to 


that  which  will  be  described  as  occurring  in  other  varieties  of  broncho- 
pneumonia. The  alveoli  are  generally  found  filled  with  the  offspring 
of  the  epithelial  cells  which  normally  line  the  alveolar  walls  (Fig.  302). 
In  some  acute  cases  of  phthisis,  this  alveolar  accumulation  may  at  first 
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constitute  almost  the  only  morbid  change,  and  although  there  is  always 
some  cell-infiltration  of  the  alveolar  walla,  the  great  bulk  of  the  pul- 


monary consolidation  is  due  to  the  distension  of  the  alveolar  cavities 
with  catarrhal  products  (Fig.  204).     In  some  parts — those  in  which 


Section  of  lun*  from  ■  cue  of  acute  jiMhlxl*.  In  which  the  consolidation  cerulati  Blmoit  (I- 
cttuiYtljr  nf  produeli  accumulated  within  the  alveoli.  In  tome  parti  a  Dree  ■pace  li  aeen 
between  the  alveolar  walla  and  luelr  contend ;  tlila  la  due  aimplT  to  the  (hrlaklng  of  the 
letter  ciuitd  by  the  hardenlni  of.  the  ■pecimen.    x  '■*'. 

the  change  is  the  most  recent — the  alveolar  walls  and  the  large  cells 
which  fill  the  alveoli  are  but  little  altered,  but  in  the  greater  portion 
of  the  consolidated  tissue  the  cells  are  seen  in  various  stages  of 
degeneration  (Fig.  203)  and  the  alveolar  walls  arc  destroyed ;  whilst 
in  those  tracts  of  tissue  in  which   the  process  is  most  advanced  all 
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trace  of  structure  ie  lost,  and  nothing  remains  but  the  granular  debris 
seen  in  caseatcd  tissues*.  These  changes  are  precisely  similar  to  those 
met  with  in  the  larger  nodular  lesions  of  acute  general  tuberculosis 
(FiR.  192). 

Less  frequently  the  contents  of  the  alveoli  are  similar  to  those  met 
with  in  ordinary  croupous  pneumonia  (Fig.  205),  but  they  are  usually 
associated  with  more  or  less  epithelial  proliferation. 

The  naked-eye  appearanren  presented  by  the  lungs,  in  those  cases  in 
which  the  pulmonary  consolidation  is  chiefly  due  to  t»  fro-alveolar 
changes,  are  very  characteristic,  partly  on  account  of  their  distribution, 
but  mainly  because  of  the  rapid  degeneration  and  caseation  which  they, 
together  with  the  alveolar  walls,  undergo.  The  consolidation,  although 
sometimes  almost  uniform,  generally  presents  a  somewhat  lobulated 
outline,  indicating  the  implication  of  different  groups  of  the  pulmonary 
lobules.  The  consolidated  tissue  is  soft  and  friable,  breaking  down 
very  readily  under  the  finger,  aud  there  is  complete  absence  o(  any 
induration.  The  color  varies  from  a  reddish-  to  a  yellowish-gray,  while 
email  portions  of  a  more  decidedly  yellow  tint  are  often  scattered 

Km.  SB. 
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through  the  consolidated  mass.  These  scattered  areas  correspond  with 
the  parts  in  which  the  retrogressive  changes  arc  the  most  advanced,  and 
they  are  even  softer  in  consistence  than  the  surrounding  tissue.  In 
many  parts  the  consolidated  and  ensealed  tissue  will  be  found  brokeu 
down,  so  as  to  form  sinuous  cavities  of  various  sizes.  These  possess 
irregular  walls,  which  are  soft  and  friable,  like  the  consolidated  long 
sun-minding  them. 

2.  A  (leflular  Infiltration  and  Thivkcning  of  the  Alveolar  Watt*,  and, 
in  mod  Clwot,  of  the  Wall«  of  the  Terminal  Bronchioles. — This  is  a  fre- 
quent change,  especially  when  the  progress  of  the  disease  is  somewhat 
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alow  and  the  consistence  of  the  consolidated  tissue  firm.  In  its  earlier 
stages  a  few  small  cells  are  seen  infiltrating  the  alveolar  septa,  which 
arc  thus  slightly  thickened  (Figs.  203  and  205).  As  the  change  pro- 
ceeds the  number  of  these  cells  increases,  and  from  them  an  imperfect 
fibro -cellular  structure  is  developed  (Fig.  206).     As  the  new  tissue 


Section  of  lung  from  a  cw  of  aomawhat  chronic  pb  thill*.  Showing  the  thickening  of  the 
alTeolai  walls  l>y  the  formation  of  epithelioid  cells,  and  an  accumulation  of  epithelial  cella 
within  the  alveolar  cavity.    The  latter  are  nndergolng  fatty  changca.     X  a». 

develops  in  the  alveolar  walls  it  gradually  obliterates  and  replaces  the 
alveolar  cavities,  so  that,  whilst  in  some  portions  the  thick-walled 
alveoli  may  be  found  still  containing  epithelial  elements,  exudation- 
products,  or  even  giant-cells,  in  others  large  tracts  will  he  seen,  consist- 
ing almost  entirely  of  the  small-celled  growth.  The  development  of 
this  new  tissue  in  the  alveolar  walls  is  attended  by  obliteration  of  the 
pulmonary  capillaries,  thus  assisting  the  action  of  the  bacilli  in  the 
production  of  the  subsequent  caseation  (p.  344). 

The  changes  which  may  subsequently  take  place  in  this  alveolar 
growth  vary.  The  infiltrated  septa  may  rapidly  caseate  before  any 
marked  thickening  or  development  of  new  tissue  has  bad  time  to 
occur,  whilst  in  other  less  acute  cases  there  is  a  considerable  develop- 
ment of  the  imperfect  fibrous  tissue.  Yet,  although  this  may  re- 
main as  a  more  or  less  permanent  structure,  it  usually  undergoes  in 
its  turn  similar  caseation.  These  two  kinds  of  change  are  often  found 
simultaneously  in  the  alveolar  walls  of  different  parts  of  the  same  lung. 
In  those  portions  in  which  the  new  tissue  is  undergoing  tUgeneration  it 
becomes  converted  into  a  structureless  granular  debris,  any  cells  which 
may  l>e  contained  within  the  alveoli  meeting  with  a  similar  fate ;  whilst, 
in  the  immediate  vicinity  of  these  degenerated  portions,  a  more  perma- 
nent fibrous  structure  may  be  found. 

Respecting  the  naked-eye  change*  which  the  growth  of  this  small- 
celled  tissue  produces  in  the  lungs,  it  may  be  stated  generally  that  it 
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usually  leads  to  BOme  induration  of  the  pulmonary  tissue.     The 
i>f  tlii-  induration  will  v;irv  invording  hi  the  characters  of  the  new 
It'  the  tissue  remain   almost   entirely  cellular — ns  i-  tin 
very  rapidly  formed,  anil   when    new    vessels  do  tad   develop 
produce  little  or  no  induration  of  the  consolidated  Bra  ;  ud 
solidation,  consisting  mainly  of  degenerating  evil-  Ih.iIi  in  tin-  > 
cavities  of  the  alveoli,  will  be  soft  and  Enable  in  ooBBurteaea, 
resembling   that   already   deseribed.      When,  on    the   Other    Bud 
more   frequently   the   ease,  there   is  any   considerable   devclopnu 
fibrous  tissue;  when  the  reticulum  is  dense  and  abundant;  m 
vessels  develop  and  persist,  there  will  be  a  corresponding  badaM 
the  consolidated  tissue.     In  many  cases  these  changes  prodm 
tracts  of  indurated  ron-oliil:iiion  1.1  ,i  grayish  color  mottled  ' 
pigment.     Scattered  here  and  then.'  among  them  may  I*-  seefl 
patches  corresponding  to  the  portions  which  have  und 
sive  fatty  changes. 


3,  An  Ineretwe  in  thr   IjUerfobultir  GmnteUvf,   Tiatur. — This 
with,   to  a  greater  or   less  extent,   in  all   the   more 
phthisis.     This  tissue,  which  surrounds  the  tironchj  and    blooaS 
and  contributes  to  the  formation  of  the  alveoli,  i-  (band    not 
creased   in   amount,  hut  also  altered  in  character,      lis  -tni.-tn 
that  met  with  as  the  result  of  proliferative  intlaminatioR  in  other 
(Fig.  207).      li  lias  :i  much  greater  tendency 
nent  fibrous   tissue   than   lia*   the   interalveolar  growtli,  and  it  i- 
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the  seat  of  those  retrograde  changes  which  are  so  frequent  in  the  tissue 
originating  in  the  alveolar  walls.  Intermingled  with  this  new  fibrous 
tissue  are  granules  of  black  pigment.  These  differences  in  the  structure 
and  termination  of  the  interalveolar  and  interlobular  growths  are 
accompanied  by  corresponding  differences  in  their  vascular  supply. 
Whereas  in  the  interalveolar  growth  the  pulmonary  capillaries  become 
obliterated  and  new  vessels  are  rarely  formed,  or,  if  formed,  are  often 
subsequently  destroyed  ;  in  the  interlobular  growth  the  new  vessels 
formed  generally  persist.  In  the  most  chronic  cases  of  phthisis  this 
interlobular  fibrous  growth  may  constitute  the  predominant  structural 
change,  and  large  portions  of  the  lung  may  be  found  completely  re- 
placed by  it. 

An  increase  in  the  interlobular  connective  tissue  in  phthisis — 
inasmuch  as  the  new  tissue  tends  to  become  dense  and  fibrous — leads 
to  extensive  induration  of  the  pulmonary  tissue ;  and  further,  owing  to 
the  contraction  which  the  new  tissue  undergoes,  its  growth  ultimately 
produces  a  corresponding  contraction  of  the  diseased  lung.  In  all  those 
cases  of  phthisis  in  which  there  is  either  a  marked  thickening  of  the 
alveolar  walls  or  an  increase  in  the  interlobular  connective  tissue,  any 
cavities  which  may  exist  in  the  consolidated  and  indurated  tissue  are 
characterized  by  the  tough  fibroid  structure  and  the  smoothness  of  their 
walls.  These  present  a  marked  contrast  to  the  soft  friable  tissue  sur- 
rounding the  cavities  in  cases  where  the  pulmonary  consolidation  is  due 
mainly  to  intra-alveolar  changes. 

Changes  in  the  Bronchi. — Sometimes  the  walls  of  the  bronchi  are 
directly  invaded  by  the  bacilli.  In  other  cases  only  bronchial  catarrh 
is  present.  The  catarrh  is  sometimes  general,  but  much  more  com- 
monly it  is  limited,  and  more  strictly  confined  to  such  portions  of  the 
lung  as  are  becoming,  or  have  already  become,  consolidated.  In  many 
cases  there  is  a  marked  tendency  of  this  bronchial  catarrh  to  lead  to 
extensive  cell-infiltration  of  the  deeper  structures  of  the  bronchial  wall 
(Fig.  208).  This  cell-infiltration  sometimes  leads  to  the  production  of 
small  ulcers.  These  have  thickened  opaque  edges,  and  when  once 
formed  they  tend  to  increase.  In  addition  to  these  changes  in  the 
bronchial  mucous  membrane  there  is  often  a  cellular  infiltration  of  the 
peribronchial  tissue,  and  here  tubercles  are  often  met  with,  especially 
round  the  smallest  bronchi.  In  very  chronic  phthisis,  bronchiectasis 
may  occur  (see  Chap.  XI.). 

Changes  in  the  Arteries. — Bands  of  fibrous  tissue  frequently  extend 
from  side  to  side  across  a  large  cavity.  These  were  formerly  supposed 
to  contain  large  arteries,  but  in  all  probability  this  is  seldom  the  case. 
When  an  artery  traverses  a  newly  formed  cavity  it  may  happen  that 
inflammation  of  the  walls  leads  to  thrombosis  and  subsequent  oblitera- 
tion of  the  lumen,  before  the  advancing  disease  can  destroy  its  walls 
and  give  rise  to  hemorrhage.  Occasionally,  in  the  case  of  a  small 
cavity,  an  artery  may  be  weakened  at  one  spot  by  the  partial  softening 
and  yielding  of  its  walls  owing  to  tubercles  formed  in  them,  and  an 
aneurism  result  before  any  thrombosis  has  occurred.     Such  an  aneurism 
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may  fill  the  cavity  and  for  a  time  increase  part  pamt  with  it.  Before 
the  aneurism  has  attained  a  diameter  of  an  inch  it  will  in  all  proba- 
bility rupture :  severe  hemorrhage  may  thus  result,  and  may  be  fatal, 
either  from  asphyxia,  due  to  inhalation  of  a  large  quantity  of  blood 
into  the  air-passages,  or  more  often  from  syncope,  due  to  the  great  loss 
of  blood.  Tubercular  arteritis  may  also  lead  to  general  infection  and 
to  death  from  general  tuberculosis. 

Summary. — To  sum  up,  in  the  most  acute  forms  of  phthuri*  the  prin- 
cipal lesion  is  an  infective  tubercular  broncho-pneumonia,  in  which  the 
affected  parte  tend  to  undergo  caseation,  and  in  which  pant-cell  systems 
play  but  a  small  part.  The  centres  of  the  caseatcd  portions  liquefy  and 
may  be  discharged  as  sputum  by  the  air-passages  ;  thus  small  sinuous 
cavities  are  formed.  When  the  change  is  more  local  and  less  acute,  the 
easeated  areas  and  the  resulting  cavities  are  often  larger  in  size,  but  more 
limited  in  distribution.  If  the  progress  is  still  more  gradual,  fibrosis — 
an  indication  of  repair — gives  rise  to  induration  in  the  consolidated  tis- 
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Tubercular  in  Ham  mat  ton  of  a 

miliary  tuberculosis.  The  deeper  at  ruclures  of  lb*  bronchial  wall  are  Been  to  be  exleoiitrlj 
Infiltrated  with  cells,  mainly  of  the  epithelioid  type.  The  Infiltration  ci tends  to  and  In- 
vades  the  walls  of  Hie  adjacent  alveoli,  which  are  seen  at  the  upper  pari  of  the  drawing. 
The  cavity  of  the  brunchu 

sue,  limits  the  spread  of  the  cavity,  and  by  its  further  development  and 
contraction  may  lead  to  a  practical  healing  of  the  diseased  tissue.  It 
must,  however,  lie  rememliered  that,  unless  all  the  tuberculous  fori 
undergo  complete  fibrosis,  there  is  always  the  possibility  of  secondary 
infection,  for  the  presence  of  the  caseated  material  is  evidence  of  the 
continued  existence  of  the  bacilli.  Two  varieties  of  cavity  have  already 
been  described,  and  these   may   be  taken  as  types — the  one  rapidly 
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formed,  with  ragged  irregular  walls  of  softened  and  breaking-down 
lung  tissue ;  the  other,  possessing  dense,  smooth,  fibrous  walls,  lined 
perhaps  by  a  layer  of  granulation  tissue,  which  continues  to  se- 
crete a  purulent  fluid.  Many  intermediate  varieties  will,  how- 
ever, be  met  with  even  in  the  same  lung.  Thus  an  old  cavity 
may  open  into  a  bronchus  and  give  rise  to  extensive  infection 
of  a  neighboring  part,  in  which  soft-walled  cavities  may  l>e  rapidly 
formed.  In  some  of  the  consolidated  tissue  surrounding  these,  fibrosis 
may  gradually  occur,  and  thus  may  be  produced  cavities  with  walls 
showing  every  form  of  gradation  between  the  two  types  previously 
mentioned.  * 

Etiology. — Most  of  the  questions  concerning  the  cause  of  tuber- 
culosis of  the  lung  have  been  considered  in  the  section  on  General  Tuber- 
culosis (p.  357).  It  only  remains  to  inquire  why  the  apex  of  the  lung 
is  so  frequently  the  earliest  seat  of  the  disease,  especially  in  those  cases 
in  which  the  infection  arises  from  inhalation.  The  causes  are  probably 
to  be  sought  for  in  the  diminished  range  of  respiratory  movement  which 
obtains  in  the  highest  portions  of  the  lungs.  As  a  result  of  this  dimin- 
ished movement  there  is  diminished  aeration  of  blood,  and,  in  certain 
conditions  of  health,  a  tendency  to  stagnation  of  the  blood-stream  in  the 
capillaries.  The  stagnation  of  the  circulation  may  lead  to  more  or  less 
injury  of  the  walls  of  the  vessels,  and  the  growth  of  any  tubercle-bacilli 
that  may  have  gained  entrance  may  he  thereby  favored.  There  may 
also  be  diminished  power  of  expelling  irritant  juirticlcs  (bacteria,  etc.) 
which  effect-  a  lodgment  in  this  region. 

It  is  obvious  that  any  inherited  or  acquired  weakness  must  assist 
in  the  occurrence  of  these  apical  changes.  General  feebleness  and 
want  of  vigor  lead  to  loss  of  muscular  strength  and  weakness  of  the 
heart,  and  thus  tend  to  prevent  the  full  expansion  of  the  chest,  and  to 
cause  a  stooping  posture  of  the  body — conditions  favoring  blood  stag- 
nation in  the  highest  portions  of  the  lungs.  Further,  the  success,  as 
a  means  of  treatment,  attributed  to  residence  in  a  rarefied  atmosphere 
is  probably  dependent  on  the  increased  rhythmical  expansion  of  the 
lungs. 

Tuberculosis  of  the  Kidney. 

In  acute  generalized  tuberculosis  miliary  tubercles  may  often  be 
found  in  the  cortex  of  the  kiduev,  and  more  rarely  in  the  medulla.  In 
other  cases  masses  of  caseating  tubercle  occur  in  one  or  both  kidneys. 
The  disease  may  extend  and  produce  almost  entire  destruction  of  the 
organ  affected,  the  kidney  being  converted  into  little  more  than  a  shell 
containing  breaking-down  caseous  material.  Secondary  suppuration 
may  occur  in  the  tubercular  cavities  formed,  and  pus  is  generally  pres- 
ent in  the  urine,  in  which  tubercle-bacilli  may  be  demonstrated  by 
appropriate  methods.  The  disease  usually  involves  both  kidneys 
l>efore  death,  though  it  may  be  much  more  advanced  on  one  side  than 
on  the  other. 
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Tuberculosis  of  the  Pia  Mater  and  Brain. 


I 


In  the  pia  mater  the  tubercular  pT- -ss  i-  assi-eiatinl  with  inHiwimi- 

tion  of  the  meninges  and  superfioial  parts  of  the  brain,  and  H  kntn 
as  tubercular  meningitis,  or,  more  accurately,  matingo  aiwptoftna  'Hit- 
is  almost  invariably  the  result  of  infection  from  a  distant  focus,  Uwwpfc 
it  may  occasionally  he  due  to  extension  from  Borne  tubetcoloua  bout  of 
the  cranium. 

The  process  is  most  mnrked  at  the  base  of  the  brans 
tuba-rfex — which  may  easily  escape  observation- — are  Been  hi  a 
i-ith   the  small  arteries  in   the  Sylvian  and  longitudinal    nVun-.  ami 
are  for  the  most  part  deeply  seated  between  the  OonvoIotKM 
scattered  gray  granulations  are  frequently  visible  on  the  upper  airi** 
of  the  hemispheres.      The  tubercles  may  be  l>csl    seen  by  -tripping  mCi 
piece  of  membrane  containing  a  middle  cerebral  artery  and  it- 
spreading  it  oat  in  water  on  a  glass  plate,  and  then  examinii 
a  dark  background  (Fig.  209).     The  tubercUt  originate  at  tbotl 
in   the  walls  of  the  small   arteries  <>l*  tin-   pia   mater  where  the 


ten  >>r  i>ii  rum.-t  from  the  viarrral  liOt.    a,  n\  mto'cln- 
of  pU  miner  dipping  l»-iHi-i'ii  i-unvnlnlloiw;  V  triif.  llnr  <A  R 
>f  tubercle*;  <I,  ilutcle  lulwirln— nrnny  of  Uitw  can  l>-n< 
>nn  *  network  uvet  the  lodii  Irlual  CDaTolottOM.     Nnum  * 

ncuktion  happen  to  l»'  arrested  i  Pig.  810i 
I  process  of  proliferation  and  infiltration,  ootnattncMf  ■ 
several  centres,  numerous  small  gray  i  iodide?  are  prod) 
vessels  and  in  the  adjacent  and  surrounding  lymphatics  (p.  351 1.    TW 
tubercles    thus    funned    rapidly    cascate,   though    death    u-iullv 
beJoTI  ibis  pnoen  is  very  advanced. 

Thrombosis  may  occur  in  the  affected  vessels,  or  th> 
causing  minute  extravasations  of  blood,       \  fibrinou 
udatioii  takes  place,  and  the  meshes  of  ihc  pia  mater  become  tofiltnttf* 
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with  a  serofibrinous  or  puriform  liquid,  which  tends  to  collect  in  the 
grooves  between  the  convolutions,  especially  at  the  base  of  the  brain. 
The  subarachnoid  fluid  is  turbid  and  increased  in  quantity,  while  the 
pressure  within  the  dura  mater  rises  steadily. 

These  changes  in  the  pia  mater  at  the  base  of  the  brain  are  attended 
by  hypenemia,  infiltration  with  leucocytes  and  fluid,  and  slight  soften- 
ing of  the  subjacent  cortical  substance,  accounting  for  the  early  delirium 
and  hyperesthesia  of  the  special  senses.  The  ependyma  and  choroid 
plexus  also  become  hypersjmic,  and  may  be  covered  with  inflammatory 
exudation  ;  while  the  walls  of  the  ventricles,  the  fornix,  and  the  soft 
commissure,  soften.  The  lateral  ventricles  become  progressively  dis- 
tended with  fluid  (acute  hydrocephalus),  so  that  the  convolutions  on  the 
surface  of  the  hemispheres  are  found  pressed  against  the  skull  and 
flattened.  It  is  uncertain  how  far  this  fluid  is  due  to  local  inflammatory 
exudation,  and  how  far  to  dropsy,  since  the  exudation  generally  causes 
marked  pressure  upon  the  veins  of  Galen  near  their  entry  into  the 
straight  sinus.  All  trace  of  fluid  is  driven  from  the  subdural  space, 
and  the  arachnoid  is  dry  aud  sticky. 


Tabarculoali  of  pin  mater.  Showing  ■  wed Re shaped  tubercle,  with  inflammation  of  pit  mater, 
and  cellular  Infiltration  of  cerebral  cortex,  a,  a',  giant-celli ;  b,  V,  arterla  In  pla  mater] 
C,  caaeatlng  patch  at  centre  of  tubercle  <tty,  e,  eruption  of  celli  from  pia  mater,  marking 
commencement  of  another  tubercle  ;  /,  fold  of  pla  mater  between  convolution,    x  25. 

Insensibility  deepening  into  coma  precedes  death.  This  is  due  to 
the  direct  effect  of  the  rise  in  intracranial  pressure  on  the  cells  of  the 
cerebral  centres,  and  to  the  injury  caused  by  the  inflammatory  process 
to  which  they  are  subjected. 
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Tuberculous  Masses  in  the   Brain. — I^urge   ma--es  af  oonajl 
tubercle  (p.  851)  are  occasionally  met  with   in   the  brain,  una* 
at  first  with  any  general  tulKTcular  pn>eess.      Tiny  an'  di 
growth  of  one  or  more  tubercle-bacilli  carried  to,  and 
of  thi'  small  terminal  arteries.     No  bacilli  are  cnnvev.il  from 
to  any  distant  point  and  (lie  growth  remain-  a  strictly  |,., 
masses,  which  vary  in  .size  from  a  pea  to  a  hazel-nut  or  even  to  a  W« 
egg,  commonly  'n-<-nr  in  the  cerebral  substance,  esjMf  iidly  at  [I 

the  brain.     They  are  of  a  pale  yellow  color  mid  tir n-i 

usually  form  round  globular  tumors.  Their  surface  is  often  s--.ii  ii>  ■: 
covered  with  minute  gray  nodules,  which  extend  into  the  m 
tissue;  and,  on  section,  similar  nodules  arc  sometime-  visible, 
through  the  substance  of  the  tumor.  In  most  caeef  only  DM  "r  tM 
such  masses  are  found,  hut  occasionally  they  arc  more  Domeroi 
occur  especially  in  childhood.  Near  the  edge,  where  the  atrn 
the  tubercles  is  recognisable  and  typical,  compressed  oroolitetetedBtvt 

vessels  may  Ih1  -ecu.      These  masses  are  infective,  and    not   in) 
lead,  after  an  interval  of  some  months  or  year-,  to  tab  '  ■ 
or  to  general  miliary  tulicrcnlo-is. 


Tuberculosis  of  Lymphatic  Glands. 

In  the  lymphatic  gland-,  tubercular  processes  tirsi  give  i 
in  the  cortical  portions,  inasmuch  aa  it  is  to  these  that  tin-  WkoW 
material,  brought  by  the  lymphatic  vessels,  is  first  conveyed  i  Kit. -1' 
In  the  earlier  stage  <>1"  the  process  -mall  pale  gray  nodule  »rv  a* 
visible  scattered  through  the  cortex.  They  gradnally  En 
and  become  caseous.  The  gland  meanwhile  enlarge-  fr0O9  tl»-  •*** 
to  its  substance  of  these  "  tubercle*,"  which  gradually  spread  in  «W 
the  jympb-shraseH  to  the  medullary  portion. 

liv  thi-  time  the  distinction   Iwtwecn  the  medullary  1  a* 

portions  is  lost,  in  consequence  of  the  infiltration  and   Riling  opal  ''■■ 

lymph-sinuses.      A   section  at   this    -tag.'  presents  a  grayisfc  I |  j 

geneous  surface,  on  which  arc  patches  of  caseous  material  H1""1 
cliauges  frequently  follow,  and  tin- capsule  thickens,  so  that  (hcW* 
masses  may  Ixtconw  surrounded  by  dense  fibrous  tissue-  The  *'*"' 
gland,  especially  in  children,  may  In-  rapidly  converted  intoaeaO" 
mass.  The  caseous  portions  mav  subsequently  soften,  drv  up.  rf 
calcify  (p.  861), 

Sometime-  i tubercles  "  are  visible  to  the  naked    i 

section  in  the  early  stage  has  a    pulpy,  swollen  appeal 
distinctly    more    vascular   than    normal.       Microscopically,    si 
consisting   of   epithelioid    cells    snrroimded    by    leucocytes,  an-  f-wni 
These    may  i><-r-i-t    unchanged    for  some  years  and   then   disappear-'* 
caseation  and  fibroid  changes  may  iiliimai.lv  stlpt  rvex 

A.-  before  stated,  the  arlceii.in  of  lymphatic  glands  i-,  in  a 
secondarv  to  it  tnlici'cnhir   inflammation   in    the  area  whence  tbev  ih*1 
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lii'ir  lymph  ;  but  sometimes  it  appear*  to  be  primary,  bacilli  having 
entered  through   the  mucous  membrane  or  skin  without  exciting  any 


r% 


Till*  r™  Ions  lymphatic  (.-Innrt  :  n,  I 

'""animation   at   the   seat   of    invasion.      The   glands   most  commonly 
■WCted  ire  the  cervical,  bronchial,  and  mesenteric. 


Tuberculosis  of  the  Alimentary  Tract. 

The  alimentary  tract  is  u  common  seat  of  tuberculosis  j  it  is,  more- 
'",ir.  extremely  probable  that  some  catarrhal  affections  of  the  tonsils 
and  pharynx,  of  the  Eustachian  tube  and  middle  car,  ay  well  as  of  the 
intestine,  arc  due  hi  Hie  L-rowtli  mI"  tnbrivli-biicilli. 

Tubercular  ulceration  or  assure  of  the  lip,  usually  with  marked 
tuofcening,  ta  not  uncommon  in  children  and  young  adults.  On  the 
e  and  pharynx  tubercular  ulceration  i.s  rare,  and   is  usually  secou- 
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dary — at  least  in  point  of  time — to  pulmonary  babereoloam.  These 
rence  of  tidx/rcles.  in  the  oesophagus  and  stomach  is  very  rare,  but  on 
have  been  described.  The  course  and  appearances  (microscopic  ut 
naked-eye)  of  alt  these  ulcers  are  the  same.     They  will  be  ihxril"!  i: 


the  next  section,  as  the  intestine  i^  the  part  of  the  alimentary  uw*  ■ 
which  they  ;ire  nm-t  frequently  found. 

Tuberculosis  of  Intestine. — Primary  tuberculosis  nf  the   iol 
rare  in  ail ul is.      It  if  probably  caused  bj    infection    Cton  nil* 
lotu  milk  or  meat.      Secondary  infection  of  tin'  lob 
from  Imlf  to  two-thirds  of  the  fetal   cases  of  phthi-i 
In  -wallowed  tuberculous  sputum.      The  small  and  the  lafga 
are  sai.l  to  1»'  affected  with  about  equal  frequency,  and  bum  air  pw 
ernlly  involved.      The  morbid  process  begins  in  the  so!ii:ir\     I 
and  ugnunated  follicles  (Fig,  '21'!),  and  is  most  marked  when 
most  numerous,   namely,  al   the  lower  end  of  the  ileum  and  in  thr 
OMHUo  ;  bat  any  pari  may  bt  affected. 

The  first  stage  of  the  process  eonsisis  in  the  appearance  of  tubmt* 
in  some  solitary  glands  and  in  certain  follicle*  (nol  all)  ol  -";■ 
patches.     Thr  affected   lymphoid  tissue  swells,  and   therefor 
above  tin-  surface.      Tin1  new  elements,  consisting  largely  "I   i 
tlien    undergo   fatty  changes  anil   softeu,      The  degeneration  U 
notches,  commencing  at  a  number  of  separate  centre*,  i.«  followed  b* 
a  patchy  ulceration  of  the  mucous  membrane  ;  and  the  process  extend* 
by  the  development  and  subsequent    breaking  down  of  frwti   tubtftks 
ut  the  margin,  until  a  considerable   part  of  (be  patch  i-  ih-n 
the  result  of  these  changes  an    ulcerated    surface  i-  produced,  thr  B 
and  edges  of  which  are  more  <ir  less  thickened,  owing  to  the  produc- 
tion  of  tubercles  in  the  surrounding  tissues  (  Pig.  213  |.      In  tin-  fW  J 

the  ulcer,  formed  usually  by  the  submucous,  - time* 

and  rarely  by  the  peritoneal  coat,  small    tubercles  are  d'**vi " 
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cipelly  in  connection   witb   the  bloodvessels  and   lymphatics,  and  as 
these  are  arranged  transversely  around  the  intestine,  the  infiltration 


Tubercular  ulceration  of  Ileum  I 
of  intcatine.  a,  a-,  thickened 
flour,  with  tubereuli 

rular  InflltratK 


s  In  nelghborhoori  of  large  ul 


Two  ulcer*  with  long  axe*  at  right  angle*  to  that 
•helving  wall*  of  nicer*,  containing  tutu; relet .  o,  V,  roughened 
ilough* ;  c,  c".  outlying  thickening  due  to  tuber- 
ay  tubercle*  around  a  veuel  t~:  e,  €,  t",  dilated 


proceeds  in  the  same  direction.     These  nodules  aNn  soften  and  become 
caseous,  and  thus  tiie  process  of  ulceration  gradually  extends  trans- 


fifl 


hum*-*- —    .r-^J 


versely  until  a  complete  ring  of  the  mucous  membrane  may  be  destroyed 
(annular  ulcer).     The  presence  of  tubercles  on  the  peritoneal  surface, 
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together  with  the  dilatation  of  the  neighboring  vessel*, 

position  of  the  ulcers  before  the  bowel   [a  opened  i  Fig.  -\  h.     lb 

blending  of  adjacent  ulcers  the  i -  membrane  i-  out  up  into  fr 

lllar  patches ;  and,  in  extensive  eases,  only  «  fen  islet.-  and   bindl  | 
left  in  wide  areas  of  the  bowel.     The  ulcere  thus  produced  i  F 
present  a  strong  contrast  to  those  of  typhoid  fever  (  Fig,  I'l'l).    I 


Kit: 


!  .  .    :'■■ 

■■    MM 
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Imcilli  are  usually  numerous  and  may  be  recognised   i"  tin-  st«J> 
suitable  BtahuBg. 

Toberonlar  ulcers  rarely,  if  ever,  Leal  ;  but  an  >il.    i 
one   place,   while    it    spreads  at  another,  ami    the    COntmctktJ  M 
resulting  sear-ti--ne    lead-    t< .  marked  strieture  of  the 
nonally   to  complete   obstruction.     Owing   to   the   thickening  A  " 
tissues  at  it-  base,  perforation  is  an  exceptional  Qcauxrene*.     TU  ■ 
take  place  into  a  neigldniring  viscus   to  which   the   nicer  btl 
adherent,  or  into  the  peritoneal  cavity. 

The  lymphatic  glands  in  connection  with  tubercular  nfcfji 
generally  affected.  The  laeteals  leading  from  the  ulcer-,  nod  Xrffl 
thoracic  duel  itself,  may  lie  irregularly  swollen  by  ltd-  irate*  hi  * 
walls. 

Tubercular  disease  of  the  peritoneum  is  considered  in  the  Ml 
dealing  with  Inflammation  of  .Serous  Membranes. 


Tuberculosis  of  Boues  and  Joints. 

These  pitrtfl  may  be  conveniently  taken  together,  a-  tnoeteohl 
ease  of  a  joint  is  fnipicnlly  seeundar_\   to  -molar  di-ease  of  a  Is"*. 
rice  rend.     The  primary  disease  is,  of  course,  doe  to  in) 
the  blood ;  the  secondary,  to  extension  from  the  primal' 

In  caws  of  acute  general  tul  tercul  wis,  both  bones  and  jotnti  B^ 
the  scats  of  mituiry  tttlwlrx.       In  honv*,  the  tnl-ivl.-.  ;n,    final  M 

mi  e ■.I|i. n-   part*  ;  in  joint*,  in  the  synovial  and  sabs; 

They  present  u<>  |>cculiarities.  and  cause   nn  local  symnta 
that   miliary   tul>crclcs   may  l>c  scattered   through  a   bone  widiout 
general  tul»ercuh»i.-  lieing  present  ;  and  eertainly  multij 
uncommon  in  the  synovia]  membrane  of  a  single  joint 

Tubercular  Periostitis  and  Osteomyelitis. — Periostttw  and  oCHsl 
litis,  when  due  to  "  tnU-rcle."  often  coexist,  a.-  when  caused  by  " 
irritants,      ferimtiti*  cauuot  exist  withoul  :i  superficial  tmiriti*  ;  bt» 
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converse  is  not  true,  for  a  deep  bony  focus  of  tubercular  inflammation 
may  be  present  without  any  obvious  involvement  of  the  periosteum. 

Seat*. — Among  the  bones  which  are  affected  primarily  are  the 
bodies  of  the  vertebrae,  the  ends  of  the  long  bones,  the  bones  of  the 
carpus  and  tarsus,  the  phalanges,  and  less  often  the  metacarpal  and 
metatarsal  bones  and  the  ribs.  The  shafts  of  the  typical  long  bones  are 
rarely  affected  by  tubercular  processes.  The  same  may  be  said  of  the 
cranial  bones  ;  but  certain  bones  of  the  face  not  uncommonly  suffer. 

The  tubercular  process  more  often  starts  in  the  bone  than  in  the 
periosteum.  Periosteal  changes  occasionally  predominate  in  the  case 
of  the  ribs,  phalanges,  and  bodies  of  the  vertebrae :  when  this  is  the 
case,  early  abscess  almost  always  leads  to  their  recognition.  But  in 
the  vertebrae,  and  probably  in  the  phalanges,  primary  central  changes 
are  much  the  commoner. 

Morbid  Changes. — Bacilli  are  deposited  at  a  certain  spot,  e.  g.,  in 
an  epiphysis.  Miliary  tubercles  next  develop :  a  group  of  these  be- 
comes surrounded  by  a  mass  of  granulation-tissue ;  and  this  again,  in 
cases  which  are  not  progressing  rapidly,  and  where  irritation  is  not 
intense,  bv  a  zone  of  fibrous  tissue.  In  this  outer  zone  it  is  common 
to  find  the  bony  trabecule  becoming  thicker  at  the  expense  of  the 
spaces — i.  e.y  the  l>one  becoming  sclerosed ;  more  centrally,  in  the  area 
of  greater  irritation,  the  trabeculae  are  undergoing  absorption. 

Bacilli  carried  from  the  primary  focus  cause  infection  of  the  sur- 
rounding tissue  and  the  formation  of  tubercles  in  the  granulation- 
tissue  zone.  As  these  increase  in  number  they  gradually  blend  with 
the  parent  mass,  which  meanwhile  has  probably  undergone  caseation. 
The  granulation-zone  in  the  meantime  extends  into  and  replaces  the 
zone  of  fibrous  tissue  and  of  bony  sclerosis,  which  in  its  turn  reappears 
still  farther  from  the  centre.  Thus  the  process  spreads — now  quickly, 
now  slowly.  Cure  may  be  effected  by  the  encapsulation  of  the  caseous 
masses  in  fibrous  tissue.  This  is  sometimes  followed  bv  their  calcifica- 
tion.  On  the  other  hand,  the  disease  may  spread  till  the  surface  of  the 
bone  is  reached  and  the  soft  parts  have  become  infected.  Any  portion  of 
bone  separated  entire  by  surrounding  caseation  forms  a  sequestrum.  Usu- 
ally only  small  fragments  of  trabecule  are  thus  separated  ;  but  sometimes 
caseation  follows  infiltration  so  rapidly  that  masses  of  bone  as  large  as 
a  filbert,  or  even  larger,  are  detached.  A  whole  epiphysis,  such  as  the 
head  of  the  femur,  may  thus  die.  As  Cheyne  has  stated,  the  trabeculae 
of  the  sequestra  are  often  thickened,  showing  that  a  chronic  inflamma- 
tion preceded  the  change  which  caused  the  necrosis.  This  effectually 
disposes  of  Konig's  hypothesis  that  the  sequestra  (which  for  some 
reason  are  often  wedge-shaped)  are  due  to  eml>olism.  Sometimes  the 
sequestra  are  soft  and  crumbling,  consisting  of  rarefied  bone ;  some- 
times the  contents  of  the  spaces,  thus  enlarged  by  rarefying  osteitis,  are 
calcified.     An  abscess  often  forms  with  or  without  necrosis. 

When  the  ]>erio8teum  is  primarily  affected,  the  enlargement  of  the 
bone  soon  becomes  apparent,  owing  to  the  growth  of  tubercles  iml>edded 
in  inflammatory  tissue  in  the  deeper  layers  of  the  periosteum  and  in 
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the   superficial    Haversian    muds.      This  growth  may   extern!  am 
wide    area  of   lione,  or   may  penetrate   deeply  at    one    or    mnre 
eroding  the  hone  u  it  grawtl,  even  alter  cnusinga  preliminary  sol 
Commonly  an  ali-i-i--  forms,  and  hursts  if  not  opened,      The  rough 
But  of  the  infiltrated  Imhio  is  then  exposed.     The  resoltiag,  ipw 
filled  with  a  milk-like  fluid,  often  containing  caseating  meniw  nd 
of  hone.      The  wall  of  such  an  ahscess  is  formed  of  dense  fibrous  ti 
lined    bv  a  layer  of  granulation-tissue    which    can  lie    aMlJ] 
(p.  174). 

On  section,  this  wall  shows,  from  without  inward,  tedeuatOQltt 
tissue,    probably    con  tain  in  g    tubercles    with    central    gi 
granulation-tissue  with  nnnierous  but  leas  typical  tuber* 
a  layer,  chiefly  of  epithelioid  cells,  which  beooOMB  noil 
ou3  an  the   cavity   i-   approached.     The   extent    to   which   I  -lie 
ahscess  arising  from  tubercular  disease  of  the  vertebra  (Fotlfcdhl 
may  burrow  through  the  tissues,  has  already  been  dfiribofl. 


Fid.  217. 


nil-  li.vf  rrtclivrl  II 


Tuberculosis  of  Cartilage. — Ilyal 
Basse,  i-  never  attacked  primarfl; 


cartilage,  being  a 
Destruction  of  eai 


mg  thr 


due  to   the  tpread   inward,  over  the  surface  of  the  cartiUp, 

tuberculouN  outgrowths   IV the  synovial  membrane  i   thtMfxM 

adhere  like  ivy,  and  gradually  erode  the  cartilage,  producing  a  c 
form  appearance  (Fig. '21 7).  Similar  destruction  may  alto  1*  i 
ili,  perforation  of  the  cartilage  by  a  mass  of  tnberculoua  tisane  M, 
ing  through  it  from  u  focus  in  the  subjacent  bone ;  or  to  the  »pn 
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beneath  the  cartilage  of  similar  tissue  from  a  bony  source.  Large 
pieces  of  cartilage  may  thus  be  loosened  from  the  bone,  while  still 
retaining  a  normal  appearance  on  the  side  toward  the  joint.  In  one 
or  other  of  the  above  ways  tubercular  caries  of  the  surfaces  of  a  joint 
is  established. 

Tuberculosis  of  Synovial  Membranes. — The  tubercular  changes  met 
with  in  the  synovial  membrane  are  the  following:  (1)  acute  miliary 
tuberculoma,  as  mentioned  above ;  (2)  diffuse  thickening  (iwmor  albus)— 
by  far  the  most  frequent  and  important  condition ;  (3)  nodular  thicken- 
ing (synovitis  tuberosa) ;  (4)  serous  effusion  or  hydrops ;  and  (5)  «up- 
purative  inflammation  or  empyema. 

Diffuse  thickening  may  be  primary  or  secondary.  When  primary, 
it  is  due  to  the  settlement  of  bacilli  at  one  or  more  spots  in  the  synovial 
or  subsynovial  tissue.  Tuberculous  masses  grow  and  spread,  while  the 
surrounding  tissues  become  more  or  less  swollen  and  gelatinous-looking 
from  oedema  and  cell-infiltration.  Clear  or  puriform  fluid  may  be 
effused  into  the  joint.  The  tuberculous  foci  may  soften  and  open  either 
into  the  joint  or  into  the  periarticular  tissues,  or  may  form  an  abscess 
in  the  thickened  synovial  membrane.  When  secondary,  the  diffuse 
thickening  may  be  due  to  bursting  of  a  focus  from  the  lx>ne  into  the 
joint,  and  infection  of  the  whole  synovial  membrane  from  within. 
Soon  afterward  this  membrane  presents  the  structure  of  the  wall  of  a 
chronic  abscess,  and  its  cavity  probably  contains  turbid  or  puriform 
fluid.  In  other  cases  the  thickening  may  be  due  chiefly  to  oedema  of 
the  synovial  membrane  excited  by  the  presence  of  a  focus  in  the  bone, 
which  has  reached  the  surface  at  the  reflection  of  the  synovial  mem- 
brane,  and  has  thus  been  shut  off  from  the  cavity  of  the  joint.  At 
this  point  of  reflection  the  membrane  becomes  infected,  and  the  tuber- 
culous process  leads  to  much  oedema  of  the  neighlx>ring  parts. 
Cheyne  states  that  in  such  cases  he  has  been  unable  to  discover  any 
evidence  of  infection  in  the  oedematous  synovial  membrane  at  a  distance 
from  the  focus — a  point  of  much  practical  importance. 

In  synovitis  tuberosa,  fungous  masses  of  tubercular  structure,  from 
the  size  of  a  chestnut  downward,  hang  in  greater  or  smaller  numbers 
from  the  synovial  membrane  into  the  joint,  which  almost  always  con- 
tains fluid  :  this  is  often  blood-stained.  The  membrane  may  be  thick 
and  deeply  blood-stained  toward  the  joint.  The  disease  is  due  to 
infection  conveyed  by  the  blood.  Secondary  infection  from  the  dis- 
eased membrane  is  unusual. 

Effusion  may  take  place  before  thickening  of  the  synovial  mem- 
brane begins  (tubercular  hydrops),  and  is  indistinguishable  at  this  stage 
from  simple  synovial  effusion.  Konig  states  that  in  early  stages  a  thin 
layer  of  tuberculous  tissue  can  be  found  on  the  surface  toward  the  joint. 

Purulent  effusion  (tubercular  empyema  of  the  joint)  is  indistinguish- 
able from  tubercular  hydrops  until  the  fluid  is  drawn  off:  it  occurs  in 
old  people  and  in  highly  tubercular  subjects. 
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Tuberculosis  of  the  Skin. 

Tuberculosis  of  the  skin  gives  rise  to  many  varieties  of  inflamma- 
tion, of  which  some  tend  to  suppurate.  These  are  generally  grouped 
under  the  term  Scrofuloderma  {tuberculides). 


Lupus  vulgaris  is  a  form  of  tuberculosis  characterized  by  the  appear- 
ance of  reddish-brown  nodules  of  granulation-tissue  upon  the  *ti* 
(chiefly  of  the  face),  and  much  less  commonly  upon  the  mueoim  mm- 
brnties  of  the  conjunctiva,  pharynx,  vulva,  and  vagina.  The  nodules 
are  situated  primarily  in  the  corium,  and  at  first  are  smaller  than  a 
pin's  head,  though  they  may  reach  the  size  of  a  pea ;  these  blend  to 
form  a  more  or  less  diffuse  mass,  while  fresh  foci  appear  at  the 
periphery.  The  disease  generally  appears  between  the  age  of  two 
years  and  puberty,  and  is  especially  common  in  those  suffering  from 
chronic  tuberculosis  in  other  parts  of  the  body :  recurrences  may  take 
place  again  and  again,  and  the  disease  may  thus  last,  off*  and  on, 
throughout  a  lifetime. 

Microscopically t  the  nodules  consist  of  granulation-tissue  containing 
epithelioid  cells  and  often  a  good  many  giant-cells.     Many  of  tbnn 
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differ  from  true  tubercles  in  being  rather  riehly  vancular.  The  inter- 
cellular substance  is  scanty  and  homogeneous.  It  is  not  uncommon 
to  find  that  long  anastomosing  processes  of  epithelium  have  grown  down 
into  the  round-celled  growth.  There  is  almost  invariably  increase  in 
the  size  of  the  interpapillary  downgrowths  of  epithelium  ^Fig.  218). 

The  disease  spreads  by  the  production  of  fresh  nodules  at  the 
margin  of  the  primary  focus.  Its  course  is  always  chronic,  and  when 
the  patch  has  reached  a  certain  size  it  may  remain  quiescent.  The 
nodules  and  infiltration  may  end  in  degeneration  and  absorption — a 
white  scar  being  left— or  in  ulceration.  After  eating  away  the  tissues 
to  varying  depths,  sometimes  destroying  large  portions  of  the  nose,  lip, 
or  eyelid,  the  ulcers  may  heal ;  or  healing  may  go  on  at  one  point  and 
destruction  at  another.  There  is  little  or  no  tendency  to  caseation,  and 
glands  rarely  become  affected.  Most  of  those  suffering  from  lupus  die 
of  tuberculosis  of  some  other  part. 

Etiology. — The  tubercular  origin  of  this  disease  is  established  on  the 
following  grounds:  (1)  tubercle-bacilli  are  found  in  the  affected  tis- 
sues ;  (2)  pure  cultures  of  tubercle-bacilli  can  be  obtained  from  such 
tissues ;  (3)  the  inoculation  of  these  cultures,  or  of  the  lupus-tissue 
itself,  gives  rise  to  tuberculosis ;  (4)  injection  of  tuberculin  is  followed 
by  an  inflammatory  reaction  in  lupus-tissues  ;  (5)  the  structure  of  the 
tissue  is  such  as  would  result  from  the  very  gradual  growth  of  the 
tubercle-bacillus ;  ((j)  the  temperature  of  the  skin  of  the  face  is  only 
a  little  above  the  lowest  limit  at  which  the  bacillus  will  grow ;  and 
(7)  there  is  in  many  cases  of  lupus  a  strong  probability  in  favor  of 
accidental  inoculation  with  tubercle-bacillus. 

Scrofula. 

A  constitutional  condition  known  as  Scrofula  was  formerly  described, 
and  said  to  be  characterized  by  a  liability  of  certain  tissues  to  become 
the  seat  of  chronic  inflammation.  This  susceptibility  was  said  to  be 
most  marked  in  mucous  membranes,  lymphatic  glands,  skin,  bones,  and 
joints.  The  cases  so  described  are  now  known  to  have  l>een  due  either 
to  chronic  tuberculosis,  or  to  the  infection  of  weakly  individuals  with 
Home  other  pathogenic  organisms.  Many  of  the  latter  class  ultimately 
die  of  tuberculosis. 

LEPROSY. 

Leprosy  is  a  chronic,  progressive,  infective  disease  due  to  the  intro- 
duction of  the  Bacillus  lepra  and  its  growth  in  the  tissues. 

There  are  two  chief  varieties,  nodular1  and  arwesthetic.  In  the 
former,  the  lesions  affect  chiefly  the  skin  ;  in  the  latter,  chiefly  the 
nerves.  The  appearance  of  these  changes  is  preceded  by  an  incubation 
and  a  prodromal  period.  These  together  extend  over  nearly  five  years, 
and  are  often  followed  by  a  series  of  successive  skin-  erupt  ions. 

In  nodular  leprosy  patches  of  hyperemia  are  followed  by  thicken- 

1  Thin  variety  in  often  called  "  tubercular."    The  term  w  objectionable,  ax  it  HuggestM 
an  association  with  the  tubercle-bacilluM. 
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in<r  lit'  the  skin  with   the   formation  of  small   flat   nodal) 

very  gradually  ami  often  run  together,  until,  in 

the  size  of  walnut,-.     These  changes  an?  especially  deve 

exposed    to   the   air — thee,    hands    and    tii-t — and    am 

singly,  sometimes  in  groups.      The  affiwiffd  -kin  i-  at  tir-i  linn  UHJ  ' 

or  brownish  ;  later  oil  it  becomes  soft  and  pale  :  unless  injured,  it  an 

ulcerates  until  aome  years  have  elapsed  (Fig.  219).      \Vli.n  iil.tr- 


form  they  cause  great  destruction  of  features  and  other  part* 
mititiaiix).  Healing  may  oeeur  here  and  then'.  The  nondH 
affect  other  parts  of  tlie  body,  especially  the  extensor  aapeab 
limbs,  and  the  mucous  meiubnuies  of  the  eye,  nose,  mouth,  ami  ' 

In  anaesthetic  leprosy,  eylindrii-al   nr   I'usifurm  cwll 
nerves,  especially  the  ulnar  and  external  popliteal,  and  the  n^unl 
of  neuritis    follow.     These   swellings   surround    long 
nerves,    affecting  primarily    the    cutaneous   and,    later,   tlie 
branches.      At  first  the  skin    is   often   [Manful  and  hyp 
on  it  bec'inr-  thin,  pale,  and   insensitive,  while   tin-   [larslyzed 
wustc.     A   bullous  eniption   (pcmjthitfiu    tepronti]    in    1 1 .. ■ 
affected  nerve  may  lie  the    first    sign  of  the  disease  j   il.. 
either  dry  tip,  leaving  pale  insensitive  patches  with  a  pign 
or  they  may  be   followed    at    once  by  ulccra.      S->ner 
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form  upon  the  anaesthetic  parts*,  lending  to  extensive  destruction  and 
even  to  dropping  off  of  fingers,  toes,  or  of  large  portions  of  limbs 
(lepra  midifan*). 

The  two  forms  may  run  their  course  separately,  but  often  occur 
together.  The  anesthetic  variety  occurs  chiefly  in  hot  climates.  In 
each  form  the  glands  receiving  lymph  from  the  diseased  parts  enlarge — 
first  the  superficial  ones,  then  the  dce)wr.  Viscera — especially  the 
liver,  spleen,  and  testes — may  also  be  enlarged.  In  the  nodular  form 
death  results  from  exhaustion  or  some  intercurrent  disease,  alter  a 
course  of  eight  or  ten  years ;  in  the  anesthetic  form  the  duration  is 
about  twice  as  long. 


Hiltology. — To  the  naked  eyo  the  new  tissue,  wherever  situated, 
has  a  grayish  or  yellowish  semi-transparent,  homogeneous  appearance. 
The  loose  areolar  tissues  are  chiefly  affected,  and,  in  a  less  degree, 
lymphoid  tissue.  Microscopically,  the  nodules  consist  of  granulation 
tissue  with  large  numbers  of  bacilli  (Fig.  220).  Prominent  in  the  new 
tissue  are  numerous  large,  granular,  vacuolated,  cell-like  masses  known 
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us  (qpro-eefls  (Ffg.221);  tin1  varunlc-  contain  masses  of  bacilli. 

cells  are  frequently  found  in  the  lymph-siniccs. 

According  to  the  old  view,  lepra-oells  are  epithelioid  ivll-.  j.--ii'iv 
derived    from    (!»■   endothelium 
lymph-apaoea  ;    while    the  vm 
intracellular  excroton    on  da 
closed    bacilli,      According 
and  other  recent  observers,  a  kpnMwiii 
transverse.    Bection    nf  ■  Lymphano  MM 
with  bacilli  which   have  led    I 
of  the  contained  lymph — ■  lymphatic  thrum- 
bus.     The  irritation  caused  b] 
gives  rise  to  proliferation  of  the  lininptudi" 
thelium,  and  from  this  are  for 
cells,  which  in  leprosy  do    d 
contain   bucilli. 

The  fusiform  BwellingE 
consist  nt"  degenerated  nen  i 
lifemicil  connective   tame  with   i 

bacilli   contained   within   the  cells   or   lying   free   in   the   new 

The  new  tissue  in  tin*  akin  very  gradually  linden   ■ 
eraaon  and  is  absorbed,  or  breaks  down.     The  Cod  i 
the  diseased  part  appears,  ou  section,  to  be  divided  into  nodular  mw 
by  fibrous   bands.      Other   tissues   may,   on   ftcOOOnt  of   ! 
with  their  nutrition,  necrose  or  atrophy. 

The  lymphatic  gland*  contain  -mall   nbront    : 
pointa  out,  the  liv<r,  spleen  and  noma  all  show 
stitial  Inflammation.     The   lungt  are   often    said    to    I 
They  certainly  have  the   appearances  of  organs   and  i 
broncho-pneumonia;  but  it  h  doubtful  whether  this  condJttoa  • 
frequently  due  to  the  leprosy-bacillus,   although  tuliercuh 
tionably  common  is  lepen. 

Etiology. — This  disease  is  endemic  in  many  pari 
especially  in   tin'   Bust  and    West    indies,  China,  South 
Equatorial  and  Southern  Africa.      From  tin-  fourth  t<>  the  fbsrta 
century  it  was  widely  spread  over  Europe,  but   begat)  !•>  die  unr/ 
the  beginning  of  the  fifteenth,  and  was  nearly  extinct  by  themrt 
that    century,   when    syphilis    first   became    prominent.     Ix'i>n-<  I 
lingers  in  many  places  in  Europe,  particularly  in  Horn 
livlaml. 

From  time  immemorial  leprosy  has  been  loolc 
disease,  and  1c[hts  have  been  rigorously  excluded  from 
tic-.      In    many  rase-,  Imwcver,  l<-|«'i*-    have  been  known  !■>  fi«t 
closes!     assoeiatimi    with    healthy    ]>eople    without    comnmnicatint ' 
disease.      On    tin.'    other    hand,     im    one    ever    contract.-    the 
ease   without   having   been    brought   into  contact    with    ibe  cimttpa, 
which  may  in  all  probability  remain   latent   Jiir  years.      The  cxtmadj 
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gradual  development  of  the  disease  renders  its  contagiousness  difficult 
to  prove. 

It  may  be  noted  that  leprosy  flourishes  in  all  climates  and  upon  all 
soils.  There  is  no  evidence  that  poor  diet  and  salt  fish  take  any  prom- 
inent part  in  its  causation,  as  some  have  thought ;  or  that  the  disease  is 
hereditary,  although  Hirsch  strongly  maintained  that  it  was.  Possibly 
there  may  be  some  hereditary  predisposition  analogous  to  that  believed  to 
exist  in  the  case  of  phthisis. 

Observers  are  agreed  that  there  is  constantly  present  in  all  the  recent 
primary  lesions  of  leprosy  a  bacillus  very  closely  resembling  in  its  char- 
acters the  tubercle-bacillus  (p.  343). 

The  bacilli  found  in  leprosy  may  vary  in  shape,  size,  and  staining 
affinities.  Del6pine  showed  that  in  one  case  the  bacilli  free  in  the 
tissues  were  shorter  and  more  readily  stained  than  those  in  the  lepra- 
cells ;  while  those  in  the  skin  and  mucous  membranes  were  longer  and 
more  rapidly  stained  than  those  in  the  liver  and  spleen.  The  bacilli 
may  generally  l>e  distinguished  from  tubercle-bacilli  as  seen  in  human 
tissues,  by  their  enormous  numbers,  and  by  their  occurrence  in  the 
lymphatics  and  in  the  tissues.  Moreover,  giant-cells  are  less  common, 
and  do  not  often  contain  bacilli. 

Attempts  to  cultivate  the  organism  have  so  generally  failed  that 
the  few  recorded  exceptions  are  of  little  value  until  more  fully  con- 
firmed. Amid  conditions  under  which  the  tubercle-bacillus  will  flourish, 
the  leprosy-bacillus  will  not  even  grow  at  all. 

Xor  do  inoculation-experiments  give  decisive  results.  In  the  case 
of  a  criminal,  to  whom  inoculation  had  been  offered  as  an  alternative 
to  execution,  the  disease  followed  the  inoculation,  but  the  result  was 
inconclusive,  as  the  man  had  up  to  that  time  been  in  frequent  contact 
with  lepers.  Whether  the  affected  tissues  be  introduced  into  other  parts 
of  leprous  patients,  or  into  animals,  the  results  are  uniformly  unsuccess- 
ful, though  the  Imcilli  themselves  are  not  destroyed,  for  they  can  be  found 
months  afterward  in  the  tissues. 


SYPHILIS. 

The  disease  known  as  xyphilitt  is  characterized  by  the  presence  of  in- 
flammatory lesions  occurring  in  foci,  some  of  which  are  infective.  The 
lesions  thus  ]>ossess  some  points  of  resemblance  to  those  of  tuberculosis 
and  leprosy,  but,  on  the  other  hand,  in  their  seats,  distributions,  sequence, 
and  histological  characters,  present  certain  peculiarities  which  make 
them  characteristic  of  this  disease.  The  primary  lesion  occurring  at 
the  point  of  inoculation  is  followed  by  enlargement  of  the  neighboring 
lymphatic  glands,  and,  later  on,  when  the  virus  becomes  generalized,  by 
a  series  of  changes  in  the  skin  and  mucous  membranes.  At  a  still  later 
period  these  may  be  succeeded  by  changes  in  the  nervous  system,  bones, 
and  internal  organs — most  of  them  the  results  of  inflammatory  processes 
induced  by  the  syphilitic  poison.     Syphilis  is  a  "  chronic  general  infec- 
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tive  disease/'  although  the  proof  that  it  is  due  to  any  known  organism 
is  still  incomplete. 

I.  Primary  Lesion. — In  all  probability  there  is  always  a  local  lesion 
at  the  point  of  inoculation,  though  it  may  be  exceedingly  minute  and 
not  infrequently  escape  observation,  especially  in  women.  This  primary 
lesion  is  a  small  hard  nodule  (hard  chancre)  in  the  skin  or  mucous  mem- 
brane and  consists  of  ordinary  chronic  inflammatory  tissue,  being  made 
up  of  giant-cells,  epithelioid  cells,  and  a  large  proportion  of  leucocytes. 
There  may  also  be  some  epithelial  prol  iteration  on  its  surface  which  is 
often  eroded,  a  small  ulcer  with  a  hard  base  resulting.  This  ulcer  may, 
of  course,  become  infected  with  pyogenic  cocci. 

Columns  of  cells,  probably  leucocytes,  extend  from  this  indurated 
focus  between  the  planes  of  connective  tissue  in  the  neighborhood,  and, 
by  means  of  lymphatics,  reach  the  nearest  lymph-glands.  When  the 
virus  is  introduced  by  absorption  through  a  slight  abrasion,  a  lymphatic 
can  generally  be  found  in  the  centre  of  the  focus,  and  the  infection 
spreads  rapidly,  by  means  of  the  connective-tissue  spaces  and  lymphat- 
ics, to  the  glands,  which  are  thus  quickly  involved,  though  no  evidence  of 
the  generalization  of  the  poison  occurs  for  a  period  of  time  varying 
from  two  to  six  weeks.  When  accidentally  inoculated,  as  in  the  course 
of  an  operation,  the  virus  may  gain  direct  entrance  to  the  blood-stream 
and  the  evidence  of  general  infection  may  thus  occur  much  earlier, 
without  any  previous  infection  of  the  glands. 

II.  Secondary  Lesions. — Two  or  three  weeks  after  inoculation, 
lesions  appear  in  many  parts  of  the  body  as  a  result  of  the  generaliza- 
tion of  the  virus.  These  are  characterized  by  inflammation  of  the  peri- 
vascular sheaths  and  adventitia  of  the  smallest  vessels,  and  by  the 
presence  of  epithelioid  cells  and  leucocytes.  Many  of  the  lesions  are 
anatomically  indistinguishable  from  simple  inflammations  of  the  same 
parts.  The  rashes,  for  example,  are  due  to  inflammatory  hypenemia 
with  more  or  loss  infiltration  of  the  superficial  layer  of  the  skin,  enlarge- 
ment of  the  papilla?,  and,  often,  excessive  epithelial  multiplication 
(mucous  tubercle*).  As  a  rule  these  inflammations  end  naturally  in 
resolution ;  but,  in  tissues  of  feeble  resisting  jx>wer,  ulceration  may 
follow.  Early  syphilitic  periostitis  (nodes)  is  indistinguishable  from 
traumatic  inflammation,  and  syphilitic  iritis  is  diagnosed  from  rheumatic 
iritis  only  by  concomitant  circumstances. 

m.  Tertiary  Lesions. — Other  lesions,  sometimes  known  as  tertiary, 
occur  later.  The  most  characteristic  of  these  are  gummata,  but  the  most 
frequent  is  simple  fibroid  induration. 

Fibroid  Induration. — Anatomically,  this  is  ordinary  proliferative 
inflammation,  ending  in  scar-tissue  (p.  174).  When  the  fibrous  tissue 
is  gradually  developed  without  evidence  of  any  change,  except  such 
degeneration  and  atrophy  as  may  dcj>end  on  or  precede  the  subsequent 
contraction  of  this  tissue,  it  is  sometimes  spoken  of  as  an  overgrowth  of 
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connective  tissue.  The  density  of  the  new  tissue  varies  in  different 
cases  and  in  different  parts  of  the  same  organ.  The  infiltration  may  be 
general,  but  much  more  commonly  the  fibroid  areas  are  separated  by 
comparatively  healthy  portions  of  the  organ.  It  is  the  imegular  distri- 
bution of  these  lesions  which  makes  them  so  characteristic  of  syphilis. 

The  capsules  of  organs  are  irregularly  thickened;  any  serous 
coverings  they  may  possess  are  involved,  and  more  or  less  general 
adhesion  to  surrounding  parts  occurs.  As  the  fibrous  tissue  contracts 
the  organ  shrinks  and  often  becomes  of  stony  hardness ;  but  the  irreg- 
ular distribution  of  the  exudation  often  causes  unequal  contraction  and 
puckering  of  the  surface,  amounting  in  some  cases  to  the  formation  of 
deep  fissures  which  almost  divide  the  organ  into  lobes.  In  these  cases 
the  diffuse  growth  has  probably  been  combined  with  the  gummatous, 
and  the  thickened  capsule  is  connected  with  fibrous  strands  which  extend 
deeply  into  the  surrounding  tissue. 

The  naked-eye  examination  of  a  testis  which  has  undergone  these 
changes  shows  adhesions  lx?tween  the  layers  of  the  tunica  vaginalis,  and 
intervening  spaces  containing  fluid,  as  well  as  marked  thickening  of  the 
tunica  albuginea  with  dense  bands  of  fibrous  tissue  extending  from  it 
toward  the  mediastinum.  The  natural  reddish-brown  color  of  the 
tubules  is  replaced  by  a  much  paler  whitish-yellow  tint,  in  which  islands 
of  normal  tissue  may  remain.  The  consistence  of  the  gland  is  greatly 
increased.  One  or  two  gummata  may  also  be  present.  In  syphilitic 
orchitis  the  affection  of  the  tunica  vaginalis  is  often  proved  during  life 
by  the  presence  of  hydrocele. 

When  occurring  in  bone,  this  fibroid  induration  may  ossify.  Under 
the  periosteum,  it  causes  thickening  of  the  bone.  In  the  Haversian 
canals  and  cancellous  spaces  it  leads  to  increase  in  density. 

No  defiuite  distinction  exists  between  fibroid  induration  and  gum- 
mata. The  former  is  practically  a  diffuse  form  of  gummatous  inflam- 
mation, and  may  perhaps  be  invariably  preceded  by  the  formation  of 
gummata,  of  which  it  represents  a  final  stage  after  all  caseous  matter 
has  been  absorbed. 

Gummata.  (Syphilitic  Tumors,  Syphilomata.) — As  usually  met  with 
these  are  moderately  firm  yellowish-white  nodules  (Fig.  222). 
They  vary  in  size  from  a  hemp-seed  to  a  walnut,  and  are  surrounded 
by  a  zone  of  translucent  fibrous-looking  tissue,  which  sometimes  has 
the  appearance  of  a  capsule,  and  which  is  so  intimately  associated  with 
the  surrounding  structures  that  enucleation  of  the  mass  is  impossible. 
The  outline  of  the  growth  is  generally  irregular,  owing  to  the  number 
of  fibrous  processes  which  radiate  from  it  along  the  natural  septa  of 
the  organ  (Fig.  223).  In  the  earlier  stages  of  their  development,  as 
seen  in  the  liver  in  cases  of  congenital  syphilis,  •where  they  occur  as 
early  secondary  lesions,  gummata  are  much  softer  in  consistence,  more 
vascular,  and  of  a  reddish- white  color ;  whilst  in  their  most  advanced 
stages,  owing  to  extensive  degenerative  changes,  they  may  be  opaque, 
yellow,  and  fatty. 

Examined  microscopically ,  gummata  are  found  to  vary  in  their 
minute    structure  according  to  their  age.      When  recent  they  are 
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divisible  into  three  zones.  The  central  portions  are  composed  of  closely 
packed  shrunken  cells  and  nuclei,  fat-granules  and  eholesterill,  amongst 
which  is  generally  a  little  fibril lated  tissue.  Surrounding  this  and 
directly  continuous  with  it  is  the  intermediate  zone,  consisting  of  epithe- 
lioid cells  in  a  distinctly  fibrillated  matrix.  The  peripheral  portion  of 
the  growth,  which  is  in  direct  histological  continuity  with  the  -surround- 
ing structures,  consists  mainly  of  leucocytes,  though  epithelioid  cells 
and  even  giant-cells  are  also  found.  Giant-cells  are  much  rarer  ttian 
in  tuberculosis.  The  cells  are  separated  by  a  scanty,  homogeneous, 
intercellular  material  and  numerous  new  bloodvessels.     In  older  gum- 


Flo.  222. 


■  undergoing  marked  faity  changes.  Id  I 
from  the  mrfaee  and  no  thickening  of  tl 
«L     Natural  aize. 


i  capaule  or  puckerlnc 


mata,  only  two  zones  may  l)e  apparent,  an  inner  caseous  zone  and  un 
outer  JUtroHH  zone. 

The  origin  of  the  colls  in  gum  mata  is  most  likely  the  some  as  in 
tubercle*.  It  seems  probable,  however,  that  the  chemical  effects  of  the 
syphilitic  virus  are  less  deadly  to  the  life  of  the  new  cells  than  are  the 
corresponding  effects  of  the  tubercular-  The  further  development  of 
the  new  tissue  therefore  proceeds,  anil  vessels  are  formed.  The  casea- 
tion which  next  occurs  is,  in  all  probability,  not  so  much  due  to  the 
direct  action  of  the  virus  as  to  the  subsequent  shutting  off  of  the  blood- 
supply.     By  means  of  changes,  presently  to  be  described,  the  walls  of 
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th"  bloodvessels  in  1 1  n-  centre  of  a  gumma  become  thickened,  and  in 
fluckemog,  encroach  upon  and  nearly  obliterate  the  lumen.  Subsequent 
fctOmboflifl  in  the  affect ixl  vessels  completes  the  interference  with  the 
blood-stream.  To  these  changes  must  also  be  added  the  strangulating 
effeoj  on  ill.  l.li«ii]ve.-<i-ls,  produced  by  tfie  contraction  of  the  new  fibrosa 
(max,  The  jcirts  thus  gradually  deprived  of  blood  must  degenerate,  and 
tfaia  Oooura  a)  a  comparatively  early  stage,  although  not  sn  early  as  in 
tuberculosis.  When  the  gumma  is  large,  ami  particularly  when  the 
'l'itlielii.iil  cells  are  present  in  large  numbers,  the  mass  may  be  seen  to 
bi  made  up  of  an  agglomeration  of  -mailer  growths,  each  having  the 
characteristic  structure.      When  the  leucocytes  predominate,  the  foci  run 


lMg*ofntircim»  of  Mi.-  Uvir.     u.'i',  fibrous  strioirls  vxtendinfilntri  lobules  of  liver;  h.  fibrous  wall 
poa,  i  in.  i  lit  ii  huh  remnant!  of  tlv.T  ■■■!■]  i*  ire  apparent  (caaaoui  mass  lay  to  lea  of 
D   iniJ  Is  not  shown);    c.  musaci   uf  U-niTHij-tes  ;    d,  if,  livcr-cella  undergoing  falty 
changes  In  neighborhood  of  litiroun  strumls.     ■■:  120. 

together  and  their  outlines  are  lost.      It  has  been  recently  stated  thatsuh- 

eataOl -  gummata  originate  in  an  ni'li>i>lililillls  profijrr'nt*  followed  by 

ihromboais,    perivascular    round-celled    infiltration,    and    subsequent 
rrnfirOffW ;  and  that  in  these  eases  arterial  changes  are  not  so  constant. 

In  earhj  stage-,  liefiirc  they  have  produced  marked  destruction  of 
I JMWU.  gummata  may  disappear  under  treatment  In  Inter  stages  their 
rentmt  fatty  portions  arc  frequently  absorbed,  leaving  a  radiating  puck- 
scar;  calcification  is  rare.  If  gummata  become  infected  with 
lie  cOOOt,  ihev  -often  and  suppuration  occurs  around  them;  the 
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ahancgti  bursts,  and  a  yellow  slough  is  exposed.     Thw  fans  ■  v.-ry 

n-ri-stic  appearance,  resembling  a  piece  of  wet  wash-leatht  ■■ :  i 

and  coherent,  unlike  Hie  dead  tissue  from  the  caseous  centra 

eular  t'M-ns.       Il  gradually  Iweomcs  detached,  leaving  a  l:ir^'i-r  <>r  -iili '.!■  r 

cavity  with  soft  ragged  margins.     These  changes  on  often 

the  tongue,     (iummata  of  thenfcjn  and  bwahm  wanfirani  an  ilw  must 

prone  to  take  this  course.     Them  ulcerations  must  bedistingni 

the  superficial  ulcerations  connected  with  the  early  rashes,     Il  *vm» 

probable  that  gtunmata  may  sometimes  soften,  just  m  mbenabu 

do,  without  the  action  of'  pyogenic  cocci. 

Gummuta  :!)■■■  met  with  in  the  skin  and  "**"*^PfWf  cellular 
tissue  ;  in  the  submucous  tissue,  especially  of  the  pharynx, 
tongue,  and  larynx  ;  iu  muscle,  thscue,  and  bone  ;  ami  in  tbe  «o- 
neetive  tissue  .if  organs — especially  of  the  liver,  brain,  tvsticlc,  »"«l 
kidney.  Giimmata  also  occur,  but  much  less  frequently,  in  I 
especially  in  congenital  syphilis :  simple  localized  fibroid  iinltiraino- 
an  (bund  under  tlic  same  circumstances. 

No    hard    line   can    Ijc   drawn    etilUotxH]/  or    pa&otogi 
secondary  and  tertiarv  lesions.      In   congenital    syphilis,  giimmata  UM 
pericellular  cirrhosis  are  among  tin'  earliest  man  iteration.- of  tin    i,  ■   ■ 

Contrast  between  Syphilitic  and  Tubercular  Lesions. —  Attention  !— - 
previously  been  drown  to  resemblances  and  distinctions   I 
eular  and   syphilitic  formations.      The   points  of  contrast  may  Y 
summarized.     In  syphilis,  (1)  the  contagion   is  more  a 
(2)  the  foci  are  larger,  and   show  a    greater  tendency  to  omnJM 
while  endarteritis  of  their  vessel-  i-  invariable  ;  and  (8)  tbe  U 
always  local,  and  pigmentation  is  common. 

P&rasyphilitk  Lesions. — The  name  para»gphiii»   has  beta  atafin 
certain  affections  of  a  degenerative  nature,  apparently  due  t.-  Imssdm 
of  the  syphilitic  poison.     The  best  known  of  these  an 
(locomotor  ataxy)  and  general  paralysis  of  the  insane.      Sv  Dtsnti 
of  the  Nervous  System.)     The  wasting  of  infant.-  who  an-  tin-  (»$■* 
of  congenital   syphilis,  but  who    present  no  evidence  ■( 
disease  and  have  not  suffered   from   noticeable  digestivi 
may  perhaps  come  under  this  heading. 

Changes  in  Vessels.— Certain  changes  in  the  arteri 
Enrtarteriti*   ahltirram,    occur    in    syphilis,    either   as   a   dt-liiirt  W 
li— ii ■■■ — especially  in  the  brain — or  in  conjunction  with  other  \ 
change-,  as  in  guioinala. 

In  the  cerebral  arteries  the  changes  produce  opacity  and  nuukal 
thickening  of  tbe  vessel,  with  considerable  diminution  in  its  nhoR. 
It  is  this  diminution  of  the  lumen  of  the  vessel  which  U  cspiviaBi 
elmrar (eristic.  The  smaller  vessels,  arteries  and  vein-,  arc  chxflr 
affected,  and  their  lamina  may  ho  quite  obliterated. 

When  transverse  sections  of  the  vessels  arc  examined  micrvMMpirnbV, 
the  change*  arc.  seen  to  l>e  situated  in  the  inner  and  outer  cents  (ffe 
•224).     The  intiina    is   considerably  thickened   by  a  oellul 
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Tlic-  growth,  which  is  limited  internally  by  the  endothelium  of  tlie 
Nsad,  and  externally  by  the  niembraiia  fenestrata,  consists  of  chronic 
inria minatory  tissue  containing  a  large  proportion  of  cells,  Sometimes 
the  elastic  layer  is  split  into  several  strands — a  comlition  winch  gave 
riae    in  thf  opinion  once  held  that  a  new  clastic  lamina  was  formed  in 

.•ipiiiiis. 

In  addition  to  this  change  in  the  intima,  the  outer  cuat  is  abnormally 
macular  and  is  infiltrated  with  small  cells  (Fig.  224),  and  to  a  less 
extent  this  cellular  infiltration  usually  invades  the  muscular  layer  as 
well.     The  marked  diminution   of  the   himeu  of  the  vessel  and  the 


''"nscjin'iil  interference  witli  the  circulation,  coupled  with  the  changes 
ll>  the  endothelium,  frequently  lead  to  thrombosis,  and  consequently, 
When  the  cerebral  vessels  are  affected,  to  cerebral  softening. 

Syphilid  is  one  of  the  factors  in  the  production  of  a rterio -sclerosis 
tod  of  aneurism.  It  also  leads  to  amyloid  degeneration  of  the  walls 
uf  the  vessels  and  other  parts  (p.  67). 

Etiology. — S t rong  as  is  the  clinical  evidence  of  the  infective  nature 
of  syphilis,  nothing  positive  is  known  of  its  cause. 

The  poison  exists  in  the  primary  sore,  in  mucous  tubercles,  and  all 
MQODcbry  sons,  and  in  the  blood  during  the  eruptive  period,  for  all 
'!n-<  arc  infective.  Excision  of  the  primary  lesion  doe.-  not  prevent 
the  development  of  the  disease  ;  probably  because  the  infective  agent 
:ias  already  reached  the  neighboring  lymphatic  glands.  The  virus  is 
Kit    present   in    normal    secretions,  such    as  milk,   saliva,  mucus,  and 
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semen.  The  discharge  from  gummatous  ulcer!  i-  usually  n  I 
Fibroid  lesions  arc  Indications  of  the  successful  Naistaaca  of 
to  the  virus,  and  must  be  regarded  ae  evideaoe  of  b  healing  pron*, 

Klcbs  inoculated  apes 'with  portions  of  ayphilitiu  ensne,  and  &■>* 
dueed  a  dioonnc  closely  resembling  syphilis;  and  tab  fX|K.Tim«iih«* 
been  mepoa&fnJly  repeated  by  Rous  and  MetohnikoaT. 

Miiny  nl.-i irvers  have  described  organisms  which  tbcy  tarn  aaaal 
in  syphilitic  lesions.     None  of  these  reaulta  bava  op  to  the  pit-nt 
time  been  sufficiently  confirmed.     Lustgarton  baa  iWiiIIhhI 
vary  similar  if  nd  identical  with  that  UMialU  pri-seni  in  tin--  .imvain 
prepntii, 

\':m    Niesscn  ulitailled  a  COCCUS    (sypAl&M0490Ua)  IVmii         ; 

cultivated  it  on  gelatine  and  inoculated  animals,  ilm-  pnxSnclof  aara 
sores  ami  gnnuData.     These  results  -till  need  ointiniiati.ni. 

More  recently  De  Lisle  and  Jullien  have  found  polj  ROtptuo  in»ul« 
cocci  in  the  blood  of  syphilitic  patients.     These  cocci  did  m  I 
coagulation  of  the  blood,  in  which  process  apparently 
body  was  liberated  ;  they  could  lie  cultivated,  however,  if  thr  Mood 
ware  prevented  from  clotting,     They  were  agglutinated  by  thr  *rtun 
of  permiM  aflfeoied  with  syphilis. 

Syphilitic  DiaeaBe  of  the  Liver. 

The  liver  is  one  of  the  most  frequenl  scats  od   syphflhi 
In  adult  life  the  commonest  oliange  is  thr  oocnrn  do 

(g iata)  imbedded  in  localised  tracts  of  dense  fibrous  ti-t-ue,  withpa^w 

es-es  radiating  into  the  surrounding  lobules  of  the  liver,  wfai 
undergoing  tiilty  or  amyloid  degeneration  (Fig.  228).     Thorn 


1-rrlcrlloUt  i-lrflicni*. 


jiii   generally  connected  with  fibroid  thickening  of  the  capsule  awl  ■ 
cent  peritoneum.      The  softening  of  gummatous   iu:w»   uuiy  g" 
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to  large  abscess-cavities  with  thick  fibrous  walls.  Sometimes  no  case- 
ous masses  may  be  found,  and  the  change  is  limited  to  scar-like  de- 
pressions on  the  surface  of  the  liver,  which  is  irregularly  and  deeply 
puckered.  In  these  cases  it  is  possible  that  there  may  have  been  gum- 
mata  which  have  since  been  absorbed.  In  other  cases,  as  Adami 
points  out,  a  more  uniform  pericellular  cirrhosis  occurs  and  persists. 
This  involves  the  central  portions  of  the  lobules  quite  as  much  as  the 
peripheral. 

In  congenital  syphilis  two  changes  are  common :  (1)  Recent  guni- 
mata,  consisting  of  small,  pale,  somewhat  ill-defined  patches  of  granu- 
lation-tissue, are  not  infrequently  met  with.  (2)  More  often,  diffuse 
changes,  resulting  in  pericellular  cirrhosis,  are  found  (see  Pericellular 
Cirrhosis  of  Liver).  According  to  Hecker,  the  cellular  accumulations 
causing  the  enlargement  of  the  liver  so  common  in  children  born  with 
syphilis  are  made  up  partly  of  proliferated  liver-cells  and  partly  of 
cells  suggestive  of  newly  formed  red  corpuscles.  Hecker  accordingly 
suggests  that  the  condition  of  the  liver  is  due  to  a  continuation  and 
excess  of  the  normal  fietal  processes  in  that  organ. 

Amyloid  disease  may  be  found  in  the  liver  as  a  local  change  in  the 
neigh borhood  of  gummata  (Fig.  222) ;  it  may  also  result  from  syphilis 
apart  from  any  of  the  above  changes. 

It  is  unnecessary  to  describe  the  syphilitic  lesions  which  occur  in 
other  organs,  as  they  all  present  the  same  general  characters — viz., 
cell-infiltrations,  scars,  fibroid  indurations,  and  gummata,  singly,  or  in 
combination.  The  late  syphilitic  affections  of  the  central  nervous  sys- 
tem have  already  been  alluded  to,  and  are  more  fully  discussed  in 
Chapter  XIII. 

GLANDERS. 

« 

Glanders  (equinia),  an  infective  disease,  due  to  the  growth  of  the 
Bacillus  mallei,  is,  like  tuberculosis  and  syphilis,  distinguished  by  the 
presence  of  characteristic  local  lesions. 

In  animals  two  varieties  of  the  disease  are  described.  In  (1 )  glanders, 
the  nasal  mucous  membrane  and  its  prolongations  are  the  seat  of  the 
earliest  lesions;  in  (2}  farcy,  the  skin  and  subcutaneous  tissue.  Each 
form  may  run  a  rapid  or  a  slow  course.  Both  varieties  of  the  disease 
are  common  among  equine  animals,  especially  horses,  and  are  commu- 
nicable from  them  to  other  animals,  including  man,  though  this  happens 
but  rarely.     The  disease  is  also  transferable  from  man  to  man. 

In  man  the  distinction  between  the  two  varieties  does  not  obtain,  as 
the  lesions  of  the  one  form  nearly  always  supervene  upon  those  of  the 
other.  In  view  of  the  very  fatal  character  of  glanders  contracted 
by  infection  with  lalx>mtory  cultures  of  the  organisms,  and,  on  the 
other  hand,  of  the  comparative  rarity  of  infection  from  horses,  it 
would  seem  that  the  bacilli  are  to  some  extent  attenuated  by  jKissage 
through  this  animal,  or  at  least  rendered  less  adapted  to  a  human 
environment. 
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Appearances. — He  characteristic  lesions  resemble  acute  uIk**- 
in  same  particulars,  and  typical  tubercles  in  others,     Tmvj 
the  more  chronic  varieties.     A  circumscribed  nodule  {./an 
varying  in  size  from  a  more  point  I"  tliiii  of  I  pet  -n"  been.     0>  --"i 
this  is  found  to  consist  of  a  mass  of  leucocytes  in  tin-  centre  and  a  i 
of  epithelioid  colls  around  it,  while  an  additional  external  mm  4 
blood-corpuscles  is  not  uncommon  :   vascularization  ..|  1! 
very  imperfect     Necrosis  occurs  iu  the  centre  and  more  or  lea  •<■; 
ration  follow.-.     When  a  farcy-bud  farms  near  a  free 
with  a  sharply  cut  indurated  margin  and  a  very  fool  I«im'  usually 
Such  ulcers  may  heal,  hut  their  <-<>m's.    i-  generally  v.  i ' 

In  tiic  move  acute  forms  of  the  disease  the  |Hii-.m  •an  n  sra 
suppuration  at  the  Bpot  where  it  develops.     The  raflaa 
always  circumscribed  :  sometimes  ii  i-  diffuse,  giving  ri 
■  it'  nnisclrs,  BubcutnneouH  tissue,  ami  the  connective  ti- 
"llii-  i-  succeeded  by  suppuration  at  several  flints,  or  tfaMgboal 
infiltnitcil  tissue. 


Course. — A  wound  is  a  team 

i-s,  ■anaoially  the  conjunctival 


infection.      In  iiianv  i 


-  then  is 


111  place  nf  entrj  ; 

ikI  nasal,  u 

i>  evidence  tu  thorn   I 


In  acute   glanders,  after    a    variable    period  of    inculuitiixi,  i 
ttory  nodules  appear  in  the  to hib  membrane  of  the  Date, 


through  •  "  bud 

in  Dm  i 

Ill    fruni    m   • 

Hv  dlHpp*Med  «i 

4gUM  lnyt 

1*  jmih*.!  ■Jiiuaii]  Ii,  ■  )».  •tit.wr 

i  Man  a).    !*•■ 

u.ofjuu- 

OriHlllPll!»  Is  | 

■I  l.i.  ,tn,u  .l.iwti  id  f.jfin  *  (miij 

sinuses,  or  nilier  places,  and  run  on  more  or  less  rapid!)  to  MOM 
and  ulceration.  The  fever  ami  mucopurulent  <>r  bloody  d 
from  the  nostrils  are  thus  explained,  The  submaxillary  and 
u'lands  swell — from  infection  through  the  lymphatics.  The 
then  enters  the  blond  and  i-  curried  In  ili-' iu 
metastatic  inflammation   in   the  lune;^  ami  other  interna] 
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skin,  and  in  the  mucous  membranes  of  the  respiratory  and  alimentary 
tracts.  Abscesses  in  the  subcutaneous  and  intermuscular  tissues  are 
common,  and  suppuration  in  joints  occurs.  In  fact,  the  disease 
resembles  pyaemia  in  many  respects,  being,  like  it,  due  to  the  dis- 
semination by  the  blood  of  an  organism  capable  of  exciting  suppura- 
tion. The  abscesses  in  organs  'are  generally  small,  but  may  reach  a 
large  size.  The  respiratory  and  alimentary  mucous  membranes  are 
probably  infected  from  the  nose.  On  the  skin,  rod  papules  and  larger 
patches  of  inflammation  api>ear.  On  these,  vesicles  and  then  pustules 
— often  with  hemorrhagic  contents — quickly  develop.  These  consti- 
tute the  rash  of  the  disease.  The  earliest  stage  is  a  collection  of 
round  cells  in  the  superficial  part  of  a  papilla ;  a  little  later  a  pustule 
is  found  to  have  develoj>ed  under  the  rete.  The  fever  is  high  through- 
out the  disease,  symptoms  of  prostration  appear  early,  and  death 
occurs  with  all  the  signs  of  septic  poisoning. 

In  chronic  glanders  large  "buds"  apjwar  in  the  subcutaneous, 
submucous,  and  intermuscular  tissues.  Those  near  the  surface  break 
down  slowly,  and  form  foul  ulcers ;  the  lymphatics  become  much 
swollen,  hard,  and  knotted  :  and  the  glands  are  greatly  enlarged.  The 
general  symptoms  are  much  milder.  This  form  often  ends  in  recovery. 
In  fatal  cases  the  symptoms  of  acute  glanders  frequently  supervene 
before  death. 

Etiology. — In  the  pus  of  abscesses  in  glanders,  Schulz  and 
Ixeffler  found  slender  rods,  smaller  than,  but  resembling  generally,  the 
bacilli  of  tul>erculosis.  Cultivated  in  the  serum  of  horse's  blood,  these 
rods  formed  colonies,  maintaining  their  initial  form.  After  repeated 
cultivation,  to  ensure  the  absence  of  contamination,  various  animals 
were  inoculated.  The  result  varied  with  their  susceptibility.  In  all, 
an  indurated  ulcer  appeared  at  the  site  of  inoculation  ;  and  curd-like 
lymphatics  ran  thence  to  swollen  glands.  In  some,  metastatic  abscesses 
formed  in  internal  organs  ;  in  others,  death  occurred  rapidly,  with 
symptoms  of  septic  poisoning.  In  all,  the  above  bacilli  were  found. 
Two  horses  were  inoculated  from  a  fourth  cultivation  :  after  some  days' 
incubation  the  symptoms  of  glanders  set  in,  and  the  older  horse  died 
in  fourteen  da  vs.  The  other  was  extremelv  weak  and  was  killed  next 
day.  The  post-mortem  signs  were  the  same  in  both — viz.,  a  sore  the 
size  of  a  twenty-five  cent  piece  at  the  site  of  inoculation ;  hard  and 
swollen  lymphatics,  leading  from  the  sore  to  neighl>oring  glands ; 
abscesses  in  the  lungs,  from  the  size  of  a  j>ea  downward  ;  farcy-buds 
and  ulcers  studding  the  nasal  mucosa. 

By  this  one  series  of  experiments  the  organism  known  as  the 
B.  mallei  was  proved  to  lx»  the  cause  of  glanders.  The  bacillus  is 
non-motile,  grows  on  ordinary  media  and  |>otato,  and  does  not  form 
spores.  It  is  apparently  capable  of  existing  outside  the  body  for  long 
periods  in  a  virulent  condition. 

An  extract  of  the  cultures  has  been  prejwred,  and  is  known  as 
mallein.     When  injected  subcutaneously  in  cases  of  glanders,  it  gives 
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rise  to  an    inflammatory  miction   at   the  seat  of  the   ': 
febrile  reaction.     In  doubtful  cases  tnallein   i-  then  fore  inn  did 
ni<l  In  diagnosis,  as    il   ha- cnmpai'ativeh'  .-light  ejlcct,  general 
when  injected  into  Bound  animals. 


RHINOSCLEEOMA. 

This  rare  disease,  which  presents  some  point-  of  resenbhnoi  hi 
foregoing,  odnatate  in  the  formation  of  hard,  aharplj  defined  nuiwi 
akin  or  mucous  membrane  near  the  anterior  nana,  the  iimnia 
ipicnilv  spreading  to  the  lips,  piims,  nasal  cavities,  and  tl 
ate.    Later  on,  the  pharnyx  and  glottis  maj  !«■  involved,  tbfl*  bee 
lHitli  rigid  ami  narrowed.     Similar  changes  have  been  1I11111 ifail 
the  external  auditory  canals.     The  growth  has   never 
generalize,  and  for  years  the   health   remains  unaffected     Winn 
disease    is    not  interfered    with,    extension     i-    skm    Ian    oantiai 
Recurrence  ha.*  invariably  and  rapidly  followed  even  inparent]]  i 
plate  removal. 

The  masse-  rotmd  the  nostril  are  like  keloid  or  bypartrophk  i 
Tliiv  an  light  or  dark  brownish-red  in  color,  and  here  and  there  ana 
ami  banana.  The  skin  around  is  qoJte  normal.  Then-  i~  little  or 
tendency  i"  ulceration. 

Mti-r'tnrof}irtiHii,  there  is  found  dense  infiltration  of  tin*  eoftOB 
small  round  cells  lying  in  a  fibril  lated  stroma.      Hanj 
spindle-shaped,  and  a  few  may  lie  epithelioid,  hut    largi 
the   exception.      The  growth    i-    moderately  vascular  and  pn 
tendency  to  fatty  degeneration.      Cornil  describes  some 
containing  "hyaline  masses,"  which  may  also  be  present  in  Uw 

Etiology. — The  disease  is   regarded  us  infective  on  account  uf  fc 
morbid  anatomy,  coupled  with  the  constant  presence  of  i 
The  bacilli  are  short  and  thick,  ovoid,  or  even  round,  and  two 
bound  together  in  a  capsule.     The  organism   ban  bean  nusrHUvi 
grows  rapidly  at  97°  to  100°  F.     [iioculations  with  cu 
pieces  of  the  growth  have  been  made  in  the  noses  oi 
always  failed.     According  to  Mibelli,  the  "  hyaline  manrtwi "  i 
the  "  -hcil  "  cap-ale  of  tl tgain-rn-. 

ACTINOMYCOSIS. 

This  disease  consists  in  the  formation  of  -mall  -an-.. ma-like  Mi 
or  abscesses,  due  to  the  growth  of  a  peculiar  fungus — the  ttrfitumy**- 
The  commonest  scats  arc  the  lung  and  liver,  hut  the  fiiugu.  im»  bl 
found  in  any  part.  It  i-  mure  commonly  met  with  in  the  lower  snimelt 
than  in  man.      In  cattle  the  disease  most  often  affects  the  jaws. 


. 
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Appearances. — On  section,  the  tumors  have  an  open  spongy  appear- 
ance, and  a  puriform  or  caseous  fluid  con  Xu:  squeezed  from  them. 
Besides  fatty  cells,  this  fluid  contains  many  pale  yellow  granules,  just 
large  enough  to  be  visible  to  the  naked  eye.  These,  when  gently 
squeezed  and  cleared  up  by  potash,  are  seen  to  consist  of  filaments  radi- 
ating from  a  common  centre,  and  bearing  at  their  free  ends  club-sliaped 


swellings  (Fig.  227).  The  filaments  are  often  branched  (Fig.  228)  and 
frequently  calcified.  Threads  and  spherical  bodies  arc  found  less  fre- 
quently. The  nodides  and  abscesses  also  contain  grin  illation -tissue, 
intersected  here  and  there  by  bands  of  fibrous  tissue.  In  the  older 
specimens  there  are  found,  round  each  fungus,  the  usual  signs  of  a 
chronic  inflammation  canst-d  by  a  slight,  constant  irritant  (p.  173).  The 
structure  of  the  parasite  is  best  seen  when  stained  by  Gram's  method. 

Etiology. — The  fungus  may  enter  by  one  of  three  channels. 

1.  The  Month. — Through  a  carious  tooth  or  extract  ion -wound  the 
fungus  reaches  the  interior  of  the  jaw.  It  then  grows  and  bursts 
through  the  outer  plate,  and  gives  rise  to  an  abscess  in  the  glands  or 
iu  the  connective  tissue  of  the  neck.  It  is  probable  that  infection  may 
also  take  place  through  the  follicles  of  the  tonsil  in  tonsillitis,  or  of  the 
pharynx  in  pharyngitis  (  prerertehml  abwexii). 

2.  The  Respiratory  Passages. — When  the  fungus  is  inhaled,  bronchial 
catarrh  is  set  up,  and  the  jiarasitc  may  l>e  found  in  the  sputum.  It  next 
gains  access  to  the  alveolar  walls  and  there  gives  rise  to  nodular  foci. 
These  develop  into  suppurating  or  caseous  centres,  which  bear  a  super- 
ficial resemblance  to  the  caseous  bronchopneumonia  of  phthisis,  but  differ 
from  it  in  being  shut  off  from  the  healthy  lung  by  a  layer  of  healthy 
granulation-tissue,  sometimes  surrounded  by  dense  fibrous  tissue.  The 
cavities  may  rapidly  coalesce,  with  symptoms  like  tiiu.se  of  phthisis, 
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though  marked  hemoptysis  is  uncommon.      Tln'ii,  :<ii:- 

formed  over  the  di-r;i.-rd  urea,  1 1 ii '  fungus  Dpreada  to  tin 

astmum,  through  the  diapbragTn   into  the  peritoneum,  liver,  at  ■,' 

or    into  I  he    anterior    lia-tinum    and    |»i  icaidimn.       In    lln- 

draeaae  may  give  rise  i<>  peritonitis,  abscess  of  liver  or  rpUtn,  trni 
carditis.     Lastly,  some  of  these  abscesses,  after  much   I 
tin*!  their  tray  to  the  surface  of  (In-  chest-Wall,  Involving  tb  l> 
or  even  the  BBDCDtaneoua    tissue  and    -kin.      It    is    aotewotdn  i 


ActlxmiayciMlit  "f  Urn  liver.     \  Itrp  ipOBft-Uta  »i 

mwiiu  al  dan**  throe*  trmbaenla  tariwlni  «i 

timic, wiih  k™iiui»ii"h  ci — ni.-  ja.ii-1  f.ir-    itj,-  aaaoktoh  <■• 

■raiiutw  iltwribed  In  tire  Wit      Saturn)  "i». 


though  the  ttctinomyw*  affects  the  luiura  fmni  above  down,  lib 

ttiberele-boeilhts,  it  leaven  tlie  aiiex— above  the  davich 

The  pleura  and  lung  may  occasionally  he  infected  secondarily  from 

posteriori liastinuin.      tn  these  caws  tli sophngut  i- pnJmblj 

-.nint-  of  infection.  Thin  disease,  in  it-  progress,  maj  rivt  m 
nrdinan  wrou*  nr  purulent  inflammations  in  which  no  bad  Ol 
aetinoinvcc-  kiii  1"'  discovered. 

3.  The  Intestine. — The  intestine  iniiv  be  affected  primarily  t 
within,  or,  secondarily,  by  embolism  or  bv  extension  from  rthn 
gans.  The  primary  form  may  lend  merely  to  catarrh,  but  pM 
gives  rise  to  nodnlitr  fiici  in  the  mucous  and  silbmuco 
breakdown  into  ulcers  with  iiiidcrniitn -I  edges.  PerfbmtioB  in* 
peritoneum,  into  other  hollow  viscera,  or  through  the  :iUi.«uinal 
m;i\  remit 

In  many  iiimv  tl hannel  of  infection  remains  ooubtfnL 
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In  exceptional  cases  actinomycotic  embolism  may  lead  to  scattered 
abscesses  accompanied  by  symptoms  of  pyaemia.  Secondary  foci  may 
occur  anywhere.  Ponfick  has  seen  a  granulation-mass  growing  into  the 
jugular  vein  in  a  case  in  which  there  were  growths  in  the  right  auricle 
and  ventricle. 

For  some  time  all  attempts  to  cultivate  the  organism  failed.  This 
failure  has  been  attributed  to  the  fact  that  only  the  club  forms  were  used, 
and  that  these  are  a  degenerate  form  and  incapable  of  cultivation.  If 
the  threads  be  taken,  grayish  crinkled  colonics  develop  in  about  four 
weeks.  The  colonies  thus  obtained  consist  of  threads  and  spheres  (from 
transverse  division  of  the  threads),  but  no  clubs.  Inoculation  of  the 
cultures  gives  rise  to  the  characteristic  lesions,  including  the  presence  of 
both  the  club  and  thread  forms  of  the  parasite.  The  fungus  belongs  to 
the  Streptothrix  group— the  members  of  which  form  branching  threads 
(Fig.  228) — and  is  called  Streptothrix  actinomyces. 

There  is  no  reliable  evidence  that  the  disease  can  be  acquired  by 
direct  infection  from  diseased  meat.  The  history  of  an  epidemic  in 
Iceland  suggests  that  the  bristles  from  ears  of  barley  and  other  cereals 
in  penetrating  the  mucous  membrane  .of  the  mouth  and  pharynx  may 
give  rise  to  the  disease,  though  it  is  not  yet  proved  that  the  parasite  can 
flourish  in  the  ears  of  cereals. 

Madura  Foot  or  Myocetoma. 

In  certain  parts  of  India  the  feet  of  the  natives  are  liable  to  a  pecu- 
liar swelling;  " tubercles "  form  beneath  the  skin,  burst,  and  leave 
sinuses  from  which  bodies,  like  those  constituting  the  roe  of  a  fish,  are 
discharged,  or,  more  rarely,  bodies  like  grains  of  gunpowder.  In  the 
latter,  fungous  elements  have  been  recognized,  and  were  originally 
called  Cliionyphe  carter i :  they  are  now  recognized  as  a  form  of  Strepto- 
thrix (Str.  madurw).  These  are  believed  by  some  to  be  the  cause  of 
both  classes  of  the  disease.  On  section  through  a  diseased  part,  masses 
of  the  above  bodies  are  seen,  especially  in  the  fatty  subcutaneous  tissue ; 
the  masses  may  have  no  obvious  communication  with  each  other  or  with 
the  surface.  Kanthack  considered  the  disease  a  form  of  actinomycosis  : 
Boyce  and  Surveyor  acknowledge  the  similarity,  but  not  the  identity, 
of  the  two,  and  this  view  at  present  prevails. 

Streptothrix  Infection. 

Ca**es  occur  in  which  there  is  a  generalized  infection  by  a  form  of 
Streptothrix.  In  many  instances  the  lungs  have  been  the  organs 
principally  affected,  the  general  characters  of  the  lesions  resembling 
those  of  tuberculosis ;  in  others,  abscesses  have  l)een  met  with  in  the 
brain  and  elsewhere.  The  branching  mycelium  of  the  fungus  can  be 
recognized  micnwcopicallv  after  staining.  The  organism  was  first 
described  by  Eppingcr :  it  grows  readily  on  laboratory  media  and  is 
pathogenic  to  rabbits  and  guiuca-pigs. . 
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DISEASES  OF'  SPECIAL  TISSUES    \\h  OBOANS. 


I.  DISEASES   OF   THE   CONNECTIVE   TISSUES 

Inflammation  of  the  Cornea. 

Senfti.ebkn's  experiments  have  shown   that  injury  nf  thecoma 

produces  in  mo  nf  tlii'  vascular  signs  i>i'  infhniminti 

ginal  vessels  are  affected,  or  unless  leucocytes  an  Admitted  ftna  i|b 

conjunctival    sac  (p.  152).     Anteriorly  ana  posteriori]    I 

limited  by  membranes   .-ullicicntly  >tnnt  to  resist  the   pes 

cytes;  but,  in  severe  inflammation,  leucocytes  and  fluid  extKbttsa  Btf 

the  vessels  enter  freely  from   the  margin,  pawing    along    tin    hjra 

channels  in  which  the  cells  and  nerve  lie.      Tin-  Ii-ihv-.- 

mulate  in  clusters  around  the  corneal  cells.     Buch  BXttoV 

panied  by  softening  and  opacity  of  the  oornea]  siruciuiv,  and  m-.^  m 

to  alteration  in  its  curvature.     This  happens  in  viands) 

in  the  interstitial  inflammation  of  congenital  syptuua,     Win  n  ■  -!'.-■; 

proliferative  inflammation  oocurs  beneath  the  roughened  epithelium* 

a  oonseqaenoe  of  the  irritation  of  granular  lids,  the  condition  i-  knaf 

a.-  panntM.     Pus,  forming  between  the  layers  of  the  doth 

onyx ,-  and  ulcers  are  oommon.     Healing  in  ell  ntirh  nioti  h  nj nr 

tissue,   and    some   opacity   and   a   more   <>r   less   altered   corned  ™n* 

(mttrrior  xtttjiht/fonut)  are  thereby  produced.      In  the  n»tg1 

of  purulent  conjunotivitis  the  injury  to  the  cornea  may  be  bo  great  d* 

it  undergoes  neurosis. 

Inflammation   of  Cartilage. 

In  the  most  acute  inflammations  of  joints  the  oartilagi 
like  the  cornea,  from  injury  and  lack  of  nourishment      li   dm  pH 
jn-cls  off  in  Hake-  or  softens  and  want*  uwn;  at  points  oi 
I,'--  acute  eases  H  may  lw  invade- 1   lo   Icm-m.-yto  from   the  jiaiil ilwj 
tir  from  the  I«mc  (p.  -'1M').      Kulai-gcmcnt   and   multipli-  n 
Inge-cell?  may  often  be  seen,  as  well  as   the  aoeuniulatioi     ■ 
(Kig.  230).      In  a  joint   with   inflamed  curti luges  the  rffused  Bail* 
always  turbitl  from  degenerating    leucocytes  and   the  n  -■ 
tliu-  differing  from  that  of  senilis  synovitis  ;  and   not   itifn--.-ui-(itlvti* 
exudation  becomes  purulent.       Healing  takes  place  by  the  formatkmi' 
sear-tis-siic    from    the   new  cells.     Short,    extremely    strong  awl  ** 
adhesions  often  bind  the  surfaces  together,  producing  fibr&u  unkfLm: 
some  of  these  bands  may  calcify.      If  the  bone  is  laid    I  tore  sonwar  aB 
of  the  adhesions  will  ossify — '"<»#  avhftori*. 
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Chronic  Rheumatoid  Arthritis  (Arthritis  deformans). 

It  is  probable  that  more  than  one  condition  is  included  under  the 
term  rheumatoid  arthritis.  One  form  which  occurs  in  young  persons 
and  rapidly  involves  many  joints,  is  not  improbably  an  infective  dis- 
ease, due  to  some  micro-organism  ;  while  the  more  common  chronic 
form,  whether  one  joint  or  many  suffer,  seems  to  be  a  degenerative  or 
perhaps  a  "  trophic  "  condition.  The  resemblance  between  the  changes 
seen  in  osteo-arthritis  and  those  of  "  Charcot's  Joints "  m  tabes  dor- 
salis,  is  very  close.  Some  authorities  maintain  that  these  chronic  cases 
are  due  to  the  action  of  micro-organisms  of  feeble  virulence,  or  to 
toxines  derived  from  local  foci  of  infection  (septic  conditions  of  the 
mouth,  tuberculosis). 

The  chronic  form  of  the  disease  is  characterized  by  degeneration 
and  atrophy  of  certain  of  the  articular  cartilages,  as  well  as  by  over- 
growths from  the  margins  of  these  cartilages,  and  from  the  synovia! 
membrane. 

The  first  change  observed  in  the  cartilage  is  fibrillation  of  the  matrix, 


Section  of  Inflamed  cartilage,  a.  the  normal  cartilage-cells;  B.  (he  name  enlarged;  d,  multi- 
plication of  celli  within  their  capsules;  c,  eroding  layer  of  granulation  tissue,  with  (e) 
Teasels.    Some  of  the  cells  are  probably  invading  leucocytes,    x  250.    (Corall  and  Rander.) 

followed  by  softening  and  erosion.  The  centre  of  the  cartilage  may  be 
quite  worn  away  and  the  bone  beneath  hardened  and  highly  polished 
(tburnatum).  The  outgrowths  from  the  margins  of  the  articular  carti- 
lages are  subject  to  considerable  variation  in  size.  Sometimes  they  ossify 
and  cause  distinct  limitation  of  the  movements  of  the  joint ;  sometimes 
they  arc  so  alight  that  no  obvious  deformity  occurs.  From  the  synovial 
membrane  a  large  number  of  small  fibrous  nodules  develop ;  some  of 
them  l>ecome  calcined  and  present  a  rough  worm-eaten  appearance,  and 
nearly  all  of  them  contain  a  small  central  cavity.  The  bands  con- 
necting these  nodules  to  the  membrane  may  occasionally  become  oblit- 
erated, and  the  small  fibrous  musses  persist  us  loose  bodies  in  the  joint. 
These  outgrowths  are  probably  due  to  a  prallfrratirr  iit/mnmtttimt  of 
the  normally  existing  villi  of  the  synovial  membrane. 

The  chronic  changes  which  occur  in  joints,  us  the  result  of  continued 
rheumatism,  differ  from  the  foregoing  in  so  far  as  the  cartilage  becomes 
fibrous  and  not  eroded,  while  no  outgrowths  occur  from  their  margins 
and  but  little  from  the  synovial  fringes. 
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Gouty  Arthritis. 

In  this  disease  acicular  crystals  of  sodium  biurate  are  deposited  in 
both  matrix  and  cells  of  the  articular  cartilages,  each  successive  deposit 
being  accompanied  by  an  acute  but  evanescent  inflammation  of  the  joint. 
The  cartilages  become  opaque,  irregularly  eroded,  and  here  and  there 
thickened  (p.  75). 

The  deposits  may  take  place  so  frequently  and  throughout  so  large 
an  area,  that  cartilages,  capsules,  ligaments,  1m>iics,  and  surrounding 
tissues  become  completely  infiltrated,  giving  rise  to  white  mortar-like 
masses  and  considerable  deformity.  The  distended  and  infiltrated  skin 
over  them  is  very  liable  to  ulceration.  The  metatarsophalangeal  joint 
of  the  great  toe  is  most  frequently  affected,  but  the  other  joints  of 
the  foot,  and  the  small  joints  of  the  hand,  are  all  very  liable  to  the 
change. 

No  complete  explanation  of  these  changes  can  be  given.  The  imme- 
diate cause  has  been  supposed  to  be  the  conversion  of  scxlium  quadri- 
urate,  a  fairly  soluble  salt,  contained  in  the  blood  and  lymph,  into 
sodium  biurate,  a  very  insoluble  salt,  which  is  rapidly  deported. 
According  to  many  authorities  this  is  especially  likely  to  occur  when 
the  amount  of  quadriurate  in  the  blood  becomes  increased,  owing  to 
defective  secretion  by  the  kidneys.  The  very  existence  of  quadriurutts 
has,  however,  been  called  in  question.  Further,  it  is  not  certain 
whether  the  deposit  of  sodium  biurate  is  the  cause  or  the  effect  of 
inflammation  occurring  in  the  joint  affected.     (See  Chapter  XII.) 

Inflammation  of  Periosteum. 

Inflammation  of  bone  always  originates  in  its  vascular  structures — 
the  periosteum  and  medulla.  Although  the  term  periostitis  only  implies 
that  the  periosteum  is  inflamed,  the  adjacent  layers  of  the  bone  are  always 
involved.  When  the  inflammation  chiefly  affects  the  medulla  and  other 
soft  parts  lying  in  the  Haversian  canals  or  cancellous  spaces,  the  con- 
dition is  called  osteitis ;  but  when  the  medulla  in  the  canal  of  a  loug 
bone  is  most  markedly  involved,  the  term  myelitis  is  employed.  Inflam- 
mation is  never  strictly  limited  to  either  of  these  parts ;  hence  the  term 
osteomyelitis. 

Periostitis  mav  be  conveniently  divided  into  three  varieties :  «erou*, 
proliferative,  and  suppurative. 

1.  Serous  periostitis  is  rare,  and  is  the  mildest  form  of  infective 
inflammation  of  the  j>art.     The  exudation  is  highly  albuminous. 

2.  Proliferative  periostitis  is  common  as  a  result  of  injury  and  of 
syphilis.  A  projecting  node  is  formal  of  proliferated  cells  from  the 
deeper  layer  of  the  periosteum,  as  well  as  of  emigrated  leucocyte*. 
These  cells  may  disappear,  or  may,  as  in  other  cases,  be  succeeded  by 
fibrous  tissue.  This  mav  ossify  :  it  very  rarelv  breaks  down.  Ossifi- 
cation  l>egius  in  that  part  of  the  new  tissue  which  is  in  contact  with  the 
surface  of  the  bone.     The  vessels  entering  the  Haversian  canals  in  the 
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latter  are,  on  account  of  the  elevation  of  the  periosteum,  more  or  less 
vertical  to  the  surface ;  hence  the  new  Haversian  canals  have  the  same 
direction.  These  new  canals  are  at  first  well  defined  and  easily  separable 
from  the  old,  but  both  ultimately  become  blended.  The  periosteum  of 
bones  lying  just  beneath  the  skin  is  especially  liable  to  proliferative 
inflammatory  changes.  Inflammatory  enlargement  of  a  bone  is  always 
due  to  periostitis. 

3.  Suppurative  periostitis  is  generally  a  part  of  the  infective  disease 
known  as  acute  necrosis  or  osteomyelitis.  It  affects  growing  bones, 
and  rarely,  if  ever,  occurs  after  uuiou  of  the  epiphyses.  This  dis- 
ease is  often  associated  with  obvious  injury :  in  other  cases  it  is 
not  improbably  preceded  by  some  minute  lesion,  such  as  a  capillary 
hemorrhage  or  partial  separation  of  an  epiphysis.  Pyogenic  organ- 
isms lodge  in  the  wide  capillaries  of  the  shaft,  close  to  the  epiph- 
ysial disc,  and  excite  suppuration.  This  spreads  outward  along  the 
disc  and  then  beneath  the  periosteum.  Sometimes  the  organisms  may 
affect  the  periosteum  primarily.  In  both  cases  pus,  forming  beneath 
the  periosteum,  rapidly  separates  it  from  the  bone.  The  vessels  passing 
inward  from  the  periosteum  are  thus  greatly  stretched,  and  this,  together 
with  the  primary  damage  to  the  vessels,  induces  thrombosis  in  many  of 
them.  Hence  superficial  necrosis  is  the  usual  result ;  but  if  the  medulla 
also  has  suppurated,  the  necrosis  will  be  total — •/.  e.,  will  involve  the 
whole  thickness  of  the  shaft.  Pyaemia  may  occur  if  the  abscess  is  left 
unopened ;  and  this  is  the  condition  in  which  infective  fat-embolism  is 
most  likely  to  occur.  In  septic  osteomyelitis,  following  operations  in 
which  the  medullary  cavity  has  been  opened,  a  diffuse  suppurative 
inflammation  attacks  the  medulla  and,  to  a  less  extent,  the  periosteum, 
causes  total  necrosis  of  large  portions  of  bone,  and  very  frequently  pro- 
duces a  fatal  result  from  pyaemia  (p.  342). 

Inflammation  of  Bone. 

Osteitis  is  generally  divided  into  two  principal  varieties  :  (l)rare/y- 
ing  osteitis  or  caries,  and  (2)  condensing  osteitis  or  sclerosis. 

1.  Rarefying  Osteitis  (Caries). — In  the  mildest  form  the  occurrence  of 
granulation-tissue  is  the  first  change  observed.  This  occurs  much  oftener 
in  cancellous  (vertebrae,  tarsus,  carpus,  epiphyses  of  long  bones)  than 
in  compact  bone.  A  round-celled  infiltration  takes  place  in  the  medulla 
and  presses  into  the  Haversian  canals ;  the  fat-cells  and  the  hard  sub- 
stance of  the  bone  disappear  before  it — cancellous  trabecular  are  eaten 
through  and  Haversian  canals  widened.  A  section  shows  spaces  crowded 
with  cells,  often  developing  here  and  there  into  fibrous  tissue.  On  the 
surface  of  the  bone,  bordering  these  spaces,  are  seen  semilunar  erosions, 
as  if  small  bites  had  been  taken  out  of  it.  These  are  called  Howship's 
lacunae.  Each  contains  leucocytes  and  epitheloid  cells  (osteoblasts), 
and  often  a  giant-cell  (osteoclast).  The  giant-cells  erode  the  bone. 
The  normal  bone-corpuscles  remain  unchanged  so  long  as  they  are  dis- 
tinguishable.    This  process  may  be  described  as  an  ulceration  or  caries 
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of  hone  without  formation  of  pas  (earin  sicca),      BbtMB  tbtB  M 
•■nod  yield  to  prendre;  thus  the  readily  affected  Unties  of  vwte 
may  almost  disappear,  those  above  and  below  becoming  approadni 
[I'utt'x  disease);  while  (he  shafts  of  long  bones  bend, 
onVtfu  diformattt  and  other  diffuse  inflammations.     The  Eaflai 
tissue  may  pursue  any  of  the  courses  mentioned  on  p.  173  d  nrq. 

In  n  very  early  case  absorption  of  the  inflammatory  exudation  1a 
occur,  and  regeneration  make  good  any  lose  of  bony  tisane  wfcfci  I 
taken  plaee  ;  Imt  when  marked  destruction  of  hone  Emu  Otieunwl,  1»- 
ing  can  only  be  effected  by  the  formation  and  ossification  of  scar-tin 

This  oeeurs  in  oases  of  healed  spinal  curvature  will) 

often,  however,  the  cells  degenerate,  and  a  eoM  noaeam  1 1  iiulli  (to.  ffl 
When  this  is  open,  the  ulcerating,  oarioiu  surface  of  bow  is  exposal 
beating  ooonr,  it  n  by  the  proceed  just  described.     Car* 
eatf  aSsesss  is  generally  a  manifestation  of  tnberenloeis.     It  bj  aa 
times  due  to  syphilis. 

If  the  infiltrating  grannlation-tisaue  degenerate  (p.  379),  death 
tlie  infiltrated  bone  ensues:  the  pieces  which  come  away  are 

of  small  size — titi-ir*  nrniitiai. 

1.  Condensing  Osteitis  (Scleroaisl. — In    the  most    ahnUM  ffam  < 
osteitis   mi  rarefaetiiai  <>f  Uine  occurs  ;  the  new  growth  slow  I; 
and  the  Haversian   canals  and   cancellous  apneas  diminish,      Tin- 
consequently  becomes  extremely  heavy  and  tvorr-Kke  ;  it  is 
thiekened  irregularly  In  mi  coincident    periostitis.      Syphilis  is  the 
raoneal  cause  of  this  change,  especially  in  the  Imi^  }».n>-  ami  ir> 
bones  of  the  skull.      It  is  said   that    simple  closure  of  a  large  at 
of    Haversian  canals    may    lead    to   death  of  the   affected   bona 
syphilitic  necrosis  of  the  skull  the  sequestrum  is  often 
has  probably   beeo   killed  by  degeneration  and  death 
matory  products  in  the  bone  around   the  Bcleroaed  pan  I 
sequent  destruction  of  the  few  vessels  which  entered  it. 

It  is  common  to  find  rarefying  mid  condensing  osteitis  combi 

Osteoplastic   periostitis  ami  < denying  osteitis  frequently  exist  an 

carious  patches;  the  surrounding  bone  is  thus  rendered  ttfdbnj 
denser.  It  may  l>e  that  this  less  acute  inflammatory  nrooaaj  i-  Ml 
with  tnte  hyperplasia  of  the  bony  tissue. 


Necrosis  of  Bone. 

It  has  already  been  shown  that  death  of  Iwno  may  follow,  in  nsN 
ways,  different  forms  of  inflammation,  each  lending,  bjSWOM) 
destruction  of  veeeels  and  arrest  of  nutrition. 

This  result  may  be  brought  about  by  any  injury  which  stri|s"ff 
periosteum  and  breaks  up  the  medulla  ;  but  the  extreme  rsrrty 
necrosis,  even  in  the  most  serious  simple  fracture,  ahowa  thai  " 
alone,  with  such  in  Ham  mat  ion  as  it  excites,  is  scarcely  t»>  be 
as  a  sufficient  cause.  It  may,  however,  act  indirectly  by  pi 
nidus    tor   pyogenic   and    other    infective   organisms,   as   in 
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fractures.  Such  intense  irritants  so  diminish  the  vitality  that  more 
or  less  extensive  thrombosis  occurs,  with  death  of  the  parts  which  they 
supply. 

tiuppuration,  beneath  the  periosteum  and  in  the  medulla,  is  the 
commonest  cause  of  necrosis.  This  result  is  more  often  produced  in 
compact  than  in  cancellous  tissue,  owing  to  the  greater  ease  with  which 
the  exudation  can  compress  the  vessels  in  the  smaller  and  less  numer- 
ous channels  of  the  harder  tissue. 

The  piece  of  dead  bone  is  called  a  sequedrum :  it  is  cast  off  by  a 
process  of  caries  which  destroys  the  attachments  of  the  sequestrum  to 
the  living  bone  beyond.  It  may  be  total — involving  the  whole  thick- 
ness— mperfieialy  or  central — the  last  being  much  the  rarest 

Considerable  difficulty  is  often  experienced  in  the  removal  of  the 
sequestrum,  especially  if  it  be  deeply  seated.  This  difficulty  is  occa- 
sionally (in  central  neeroms)  due  to  the  persistence  of  a  layer  of  the  old 
bone  enclosing  the  necrosed  portion.  Much  more  frequently,  how- 
ever, it  is  owing  to  the  participation  of  the  periosteum  in  the  inflam- 
matory process.  The  inflamed  periosteum  produces  new  bone,  and 
the  liony  capsule  (inifolucrum)  thus  formed  encloses  the  sequestrum. 
Openings  (cloacoc)  exist  in  this  capsule  leading  to  the  dead  bone,  and 
through  these  openings  the  inflammatory  products  are  discharged. 
When  the  sequestrum  is  quite  superficial  its  removal  is,  of  course, 
more  readily  effected. 

Mollities  Ossium. 

Mollities  ossium,  or  Osteomalacia,  is  a  rare  disease,  occurring  only 
in  adults,  and  especially  in  pregnant  women  who  have  borne  many 
children.  It  is  characterized  by  progressive  decalcification  of  the 
bones,  whilst  the  marrow  increases  steadily  and  becomes  converted  into 
a  vascular  round-celled  structure.  All  bone  is  gradually  absorbed, 
except  a  thin  layer  beneath  the  periosteum  ;  so  that  in  extreme  cases 
the  bones  become  mere  shells.  They  are  very  light,  easily  cut  with  a 
knife,  and  bend  or  break  readily.  Early  in  the  disease  fractures  may 
still  unite.  On  section,  in  early  stages,  the  cancellous  spaces  and 
Haversian  canals  are  enlarged  and  full  of  a  reddish,  gelatinous  sub- 
stance, which  at  a  later  period  may  become  yellow  and  fatty. 

The  nature  of  the  disease  is  obscure.  Lactic  acid  has  been  found 
in  the  bone — the  reaction  of  which  is  said  to  l>e  acid — and  in  the 
urine.  The  latter  usually  contains  excess  of  calcium  salts  which  have 
been  removed  from  the  bone  and  excreted. 

The  pelvic  deformity  resulting  from  the  disease  is  clinically  the 
feature  of  chief  importance :  the  sacrum  is  pushed  downward  by  the 
weight  of  the  body,  and  the  acetabula  upward  aud  inward  by  the  resist- 
ance of  the  femora,  thus  greatly  shortening  the  two  oblique  diameters 
(p.  410). 
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Rickets. 

This  disease  of  children  is  so  frequent  in  the  towns  of  England 
that  it  has  acquired  on  the  continent  the  name  of  the  "  English 
disease."  It  appears  to  be  caused  by  defective  hygienic  conditions, 
especially  by  bad  air  and  improper  feeding.  It  is  particularly  common 
in  children  brought  up  by  hand,  especially  in  infants  which  receive 
starchy  food  at  au  age  when  they  cannot  properly  digest  it.  It  may 
probably  be  said  that  all  conditions  which  materially  interfere  witli  the 
nutrition  of  a  child  aid  in  the  causation  of  rickets;  among  these,  the 
absence  of  freak  food  ranks  high.  Diets  deficient  in  fats  or  in  carbo- 
hydrates seem  sometimes  to  be  sufficient  causes. 

The  disease  is  mainly  characterized  by  changes  affecting  the  growing 
parte  of  bones,  and  is  dierefore  most  marked  where  growth  is  most 
active — viz.,  at  the  epiphyses  and  under  the  periosteum  of  long  bones, 
and  at  the  margins  of  flat  bones.  These  changes  produce  undue 
thickness  and  softness,  which,  in  their  turn,  lead  to  projections  and 
curves,  according  to  the  direction  and  degree  of  the  pressure  on  the 
softened  bones.  The  bone-lesions  are  accompanied  by  symptoms  of 
general  ill-health,  and  often  by  enlargement  of  the  liver,  spleen,  and, 


m 


tirowlng  endi  of  i.! 


less  often,  of  the  kidneys  and  lymphatic  glands,  due  chiefly  to  um 
of  their  interstitial  connective  tissue. 

The  essential  changes  in  the  boues  are  (1)  an  excessive  absorption 
of  pre-existing  bony  tissue,  and  (2)  an  extensive  formation  of  osteoid 
tissue  (p.  112),  which  very  gradually  aud  very  imperfectly  undergoes 
calcification.  It  will  be  remembered  that  if  a  section  of  the  end  of  a 
healthy  growing  long  bone  be  examined,  a  straight  line  is  Been  where 
the  white  epiphysial  cartilage  is  adherent  to  the  shaft  (Fig.  231),  which 
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here  consists  of  loose  cancellous  tissue,  with  spaces  filled  with  red  mar- 
row. Between  the  bone  and  the  epiphysis  is  a  blue  semi-translucent 
band  about  one  millimetre  broad  with  practically  straight  margins. 
Microscopically,  the  blue  line  is  found  to  consist  of  the  one  or  two 
layers  of  cartilage-cells  which  normally  multiply  and  enlarge,  forming 
the  well-known  oval  groups  among  which  ossification  proceeds.  The 
septa  between  these  groups  become  very  thin  and,  in  the  immediate 
neighborhood  of  the  shaft,  undergo  calcification.  A  sudden  transition 
from  the  cartilage-cells  to  those  of  the  vascular  red  marrow  is  seen  in 
these  spaces.  As  soon  as  these  spaces  (jprhmiry  areola')  with  calcified 
walls  become  occupied  by  the  round-celled  marrow,  absorption  begins, 
and  adjacent  spaces  oj>en  into  each  other  and  form  the  larger  secondary 
areohr.  On  the  walls  of  these,  laminae  of  bone  are  dejx>sited,  including 
osteoblasts  in  the  lacuna;  between  them  ;  and  thus  Haversian  systems 
are  gradually  develoj**!.  The  calcified  cartilage-matrix  is  darker  and 
more  granular  than  the  bone  laid  down  by  the  medulla  which  gradually 
replaces  it. 

In  a  rickety  bone  the  blue  transition-zone  is  at  least  ten  times  wider 
than  normal,  affecting  many  rows  of  cartilage-cells ;  while  its  outlines, 
both  toward  the  bone  and  toward  the  cartilage,  are  very  irregular  (Fig. 
231).  The  calcification  of  the  matrix  occurs  without  any  regularity. 
In  the  cartilage,  among  the  long  rows  of  proliferated  cells,  will  be  found 
sjmees  which  arise  as  outgrowths  from  the  medulla  and  contain  vessels 
and  medullary  tissue.  Just  reaching  and  partly  surrounding  these  are 
thick  irregular  trabecuhe  of  osteoid  tissue,  which  enclose  masses  of  car- 
tilage, here  and  there  calcified,  and  of  medulla.  The  trabecule  are 
thickest  and  most  extensive  on  the  medullar}-  side  of  the  proliferating 
cartilage-cells.  In  the  central  parts  of  some  of  the  thickest  trabeculae 
small  patches  of  true  bone  may  be  seen.  A  few  of  the  cartilage-cells 
may  become  converted  into  marrow  cells,  as  in  normal  ossification  ;  but 
a  large  number  are  converted  directly,  without  any  rupture  of  their 
capsules,  into  the  cells  of  the  osteoid  tissue  (Fig.  232). 

In  flat  bones  the  process  Iwgins  by  a  very  marked  absorption  of  the 
already  formed  bony  trabeeuhe.  Upon  the  remnants  of  the  old  bone, 
as  well  as  in  the  spaces  between  them,  osteoid  tissue  is  deposited  so  as 
to  form  new  trabecular  in  the  marrow.  The  formation  of  the  osteoid 
tissue  is  preceded  by  a  spintlle-celUid  embryonic  tissue.  Beneath  the 
periosteum  osteoblasts  form  and  osteogenic  fibres  appear.  From  these, 
osteoid  tissue  is  formed.  In  general  terms  the  growth  of  osteoid  tissue 
in  the  medulla  may  l>e  said  to  resemble  the  formation  of  internal  callus, 
while  tliat  deposited  from  the  periosteum  similarly  resembles  external 
callus  (Ziegler). 

Bones  consisting  of  soft  rickety  structure  yield  more  or  less  readily 
under  pressure,  or  break  under  slight  violence.  The  fracture,  however, 
is  generally  incomplete.  As  bending  occurs,  a  buttress  of  bone  is  de- 
posited along  the  concave  side  of  the  curve.  This  is  often  seen  in  the 
femur  and  tibia,  giving  the  Ixmes  a  flat,  somewhat  razor-like*  appearance. 
The  position  and  extent  of  the  curving  will  depend  to  some  extent  upon 
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the  relative  proportion  which  the  changes  at  the  epiphyses  bear  to  tl 
Ix/iicath  the  periosteum. 

These  changes  afford  a  read;  explanation  of  il  i  the  thickening  e 

epiphyses,  (2)  the  displacements   which   nccur  al-ml    the    j ti..n 

sliafts  with  epiphyses,  (.'J)  the  thickenings  of  tin   sages,  and  the  irrrrmj 

hirilics  mi  tlie  surface,  of  cranial  I e»,  and  t-l)  the-  abnormal  <*nn  r     i— 

of  bones  underpressure — all  of  which  are  common  pbenomei 

TJw  pnx-essjii:.!  described  seems  n>  be  iiijurimi-  i.i  the  -ul.-,,  <  .- 
gnwth  of  the  epiphyses.  They  often  join  the  shafts  prematurely,  m»d 
thus  cause  permanent  shortening  of  the  bono. 

Among  the  moat  important  of  the  deformities  waiting  town  Uu> 
disease  is  the  rickety  pelvis.     There  ore  two  forma.     Uh    Inri  iam 

anoriaiaRO  of  bV  ti)tt->'<i-j><i*t>-i'i<>r  •liaiu-J-r  only,  and    (■-.■ur-    in   ■  .1- • 

which  the  child,  being  unable  to  walk,  is  kept  lying  down,      I 
resembles  the  odtomaladc  pelvis,  both  in  it-  Bbapeaad  in  the  n 
of  its  production,  for  it  ocenra  in  children  who  arc  able  <•>  waft  aboi 
(p.  40H).     In  a  rickety  thorax,  the  growing  anterior  each  "l  I  .,■ 
softened  and  much  enlarged,  especially  on  the  visceral  Mb.     Tl>'  W^- 
tiii;  leads  to  a  sinking  in  of  the  softened  parte  ami  to  ■  entTnapnnwg 
pushing  forward  •>('  the  sternum  ;  while  the  en/n^eauMt  pfoduti  s  »* 
of  nodules  on  each  side  of  the  thorax,  diverging  bum  shore  doaavasl 
(t*fct>  rosary> 

Along  with  the  changes  in  the  Immics  jnat  deacrlbad  the  prim-ips 
features  of  rickets  are:  delayed  dentition,  early  (tansy  of  the  milk- 
teeth,  lute  closure  of  the  fontanel le,  laxity  nf  the  ligament-  Mir^.n-nl  - 
the  joints,  a  tendency  ti>  catarrh  of  miioons  membranes,  and  an  ndai 
irritability  of  the  nervous  system;  \"  tliis  last  condition  an- ilur  il* 
convulsions  which  occur  in  rickety  children  on  slight  provocation,  *i" 
the  special  forms  of  spasm  known  as  tetany  and  Inryi,     m  I 

II.  DISEASES  OF  LYMPHATIC   GLANDS. 

Inflammati  on . 

Examples  of  acute  inflammation  of  lymphatic  glands  (acuit  lyj'" 
odentua)  are  furnished  by  the  inflammation  of  the  axillary  gland*  wW* 
may  follow  a  wound  on  the  hand  ;  of  the  inguinal  gland-,  in  1 
soil  chancre  ;  and  of  the  lymphoid   follicles  of  the   intestine  in  infiw- 
mation  of  the  intestinal  mucous  membrane. 

In  acute  inflammation  of  lymphatic  glands  the  liaeteria  »! 
dncc  die  inflammatory  reaction,  or  their  toxirww,  arc  general  I  v  1 
from    a    primary    focus  -it'   inflammation   (diplnln  1  .■ 
scarlatinal,  chancruus,  etc.),  existing  in  the  area  of  skin  "r  ■nhcrii*« 
drained   by  the  lymphatics    leading   to  the  gland:  uccasiotually  o»  nsl 
of  infection    is    apparent,  and   the   bacteria  mm    euo- 

veyed  directly  to  the  gland  without  causing  any  lesion  elsewhere.  A 
gland  affected  by  acute  inflammation  becomes  intensely  vascular,  ana 
the  f-cal  "f  I'nt'  exudation.  The  escaping  lellCOCJ  tea  BO  inmil it?  iti  it 
tissues  and  sinuses,  until  all  distinction  between  medulla  and  o 


Ing  end  of  ricktslT  Mb,  a,  Mrlllatie  ;  b,  !•'.  ft' 
rf,  prultfcr»liii([  rftrtllmweellii:  e.  tnlnitU'tl 
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disappeared,  while  tin*  gland  i>  BWollen  and  its  substance  i-  soft,  poll 
and  often  dotted  with  hemorrhages.     Leooocyieg  in  the  lymph 
from  tlie  primary  focus  an'  also  detained  in  the  gtand. 

Upon    the    removal    of    the    injurious    influence,    the    pro 
gradually  aaheide,  and  the  nen  element-  nndugo  dfetntegntSoi 
absorption,    the    gland    gradually    returning    to    its    normal 
(rt-Ko/ution ). 

In  other  CMOS  the  process  may  lie  more   intense  and   go  »n  M 
f/araUon,    Scattered  area.-  may  necrose,  trabeealai  be  destroyed,  i 
<■{'  the  cells  Income  disintegrated,  anil  the  locnli  of  d> 
filled  with  pits.      This  is  usually  associated  with  intlaioinnn-i 
pnrution  of  tlie  surrounding  connective  tissue.     In  the  ^i 
mnoous  menibane  the  process  gives  rise  i>>  what  i-  known    ■ 
■lor  tiliMtr/m  (p.  416).    In  still  more  acute  eases  the  exudation 
largely  hemorrhage. 

Chronic  inflammation  of  lymphatic  glands  KSolta  faun  the  jhtw 
of  irritants  which,  while  less  severe,  are  more  prolonged]  in  tl 
than  those  which  give  rise  to  the  acute  form.    Tin  i^"iw 

causes  are  tul«Tci[liisis  ami  syphilis,  and   the  OW 

cause  is  the  presence  of  duet,  ami  especially  particles  of  carbon.    !*• 
lymphadenitis  due  to  tuberculosis  or  syphilis  i>  marked  In  h 
the  in i ml« 'i-  of  cell*,  followed  by  fatty  degeneration  and  •vwation.    Tt* 
gland  may  be  enlarged  to  many  times  its  natural  ibn.     In  *ome  aw 
the  reticulated  network  becomes  thicker  am)    more    fibrous, 
becoming  smaller  and  smaller;  the  lyraph-oelbi  diraintah  in 
ami  the  gland  becomes  bard  and  lihpms  ( Kit;.  --■'')■      i' 
chronic  eases  the  cells  of  the  gland-substance  and  the   Hal   a 
tissue  cells  covering  the  trabecular  multiply,  and  assist   in  ti»n«(»g  li" 
new  eells.      Fatty  patches  are  frequent  in  such  glands.     In  hnaa- 
adenitis  due  t"  the  presence  of  dust  tlie  thickening  of  the  reticular  **• 
work  is  the  principal  change.      This  may  also   form  I  lie  final  •tip'* 
tiatie  lymphadenitis. 

Flo.  233. 


Post-nasal  "Adenoids." 

Musses  of  adenoid  growth  not  inlViipicntly  develop  from  the  t 
and  posterior  surface  of  the  mi^o-pharyux  in  weakly  children.  "" 
masses  consist  of  ordinary  soft  lymphoid  tissue  with  the  cells  h 
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there  more  closely  aggregated  into  follicles  (Fig.  234).  The  growths 
are  covered  by  ciliated  epithelium,  but  this  is  often  destroyed  by  the 
catarrhal  processes  to  which  they  are  liable.  They  interfere  with  the 
passage  of  air  through  the  nose,  and  often  block  the  orifices  of  the 
Eustachian  tubes.     In  a  few  instances  they  show  tubercular  changes. 


with  extreme!;  little 


Hodgkin'B  Disease  (Lymphadenoma). 

This  disease  is  characterized  by  the  enlargement  of  the  lymphatic 
glands  and  lymphoid  tissue  in  various  parts  of  the  body,  together  with 
the  development  of  lymphatic  growths  in  internal  organs,  especially  in 
the  spleen,  and  by  a  progressive  diminution  in  the  number  of  the  red 
corpuscles  in  the  blood. 

The  larger  lymphatic  glands  arc  usually  the  earliest  seats  of  the 
growth.  At  first  only  a  single  group  of  glands  may  be  enlarged  ;  sub- 
sequently, however,  the  process  becomes  more  general,  anil  the  glands 
throughout  the  whole  body  may  be  more  or  less  involved.  The  groups 
of  glands  most  often  affected  arc,  in  the  order  of  frequency,  the  cer- 
vical, axillary,  the  inguinal,  the  retro-peritoneal,  the  bronchial,  the 
mediastinal,  and  the  mesenteric.  The  growth,  which  in  the  earlier 
stages  is  limited  to  the  glands,  gradually  breaks  through  the  capsules, 
so  that  the  enlarged  glands  ultimately  become  confluent,  and  form 
large  lobulated  masses  ;  hut  the  agglomeration  of  glands  in  Hodgkin's 
disease  is  generally  a  later  and  less  prominent  feature  than  in  tubercu- 
losis of  lymphatic  glands.  The  growth  may  also  extend  still  further 
beyond  the  confines  of  the  gland,  and  invade  and  infiltrate  the  adjacent 

structures. 
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This  new  growth  of  lymphatic  tissue,   wbh  h    commences  in 
often  extends  beyond  the  confines  of  the  lympbatie  gland-,  U  nltinuuli 
followed  by  the  formation  of  lymphoid    growths  in    WfcMH 
organs  wherever  lymphoid    tissue  exists,   bat   more  eapeaall] 
spleen,  which  Efl  affected  in  ;i  large  proportion  of  oases.      Men-  thru'* 
growth   originates  in   the   Malpighian    bodies,  and   mi   giw..  ri*  t»ili- 
se  minuted   noddles.      These  vary  in  size  from    minute  poinis   t"  niu 
as   large   as   a   hazel   nut   or   walnut      They    are  usually   man  01  I 
irregular  in  shape,   of  a  grayish   hi'  yellowish-white   ooJor,   nrmr 
consistence   than   the   splenic  ti-s lie,  and    not  cneapsulod.       In  aiklit: 
to  these,  wedge-shaped  infarctions  surrounded  b)  ■  BUM  othvprnu 
are  sometimes  met    with,    similar    to    those    which    an 
leucoeythiemia.     The  spleen  itself  i*  generally  somewhat  increased 
size,    and    its    capsule    is    usually     thickeiieil,   and    nftel 
adjacent  organs.      In  quite  exceptional  cases  the  spleen  i-  rat  tbi 
of  these  disseminated   growths,  but    is   simply  enlarged, 
cythamiic  aploao. 

The  liver,  fcidtieys,  alimentary  canal,  medulla  of  boo 
subcutaneous     tissue    may    all     become    in  v.  .1  vcd.    the 
occurring  either  as    nodules  of    various   sices  scattered    throtitli 
organ-,  or  in  a  more  infiltrating   form,  like  many  of  those   mei  n 

hinuiijlhs  mil 

In  their  structure  these  growths  present  at  first  no  striking 
enoee  from  ordinary  lymphatic  glands.     The  various  parti  of  DM 
clearly  recognisable,  though  the  number  of  lymphocytes    in    ibe  no 
lum   is  much  increased.      Later  on,  the  sepia    appear  split  up, 
the   interstices    thus   formed   are   tilled    with    leucocytes,   amotitr 
there  appear  epithelioid  (endothelial)   cells  and  giant-cells:  USM 
scattered  about  irregularly  and  arc  not  arranged   lu  " 
tnberculosis.      The   giant   cells    may   contain   one  or  more  nuclei, 
old  oases  the  glands  may  be  entirely  fibrous.     The   lymphoid  ■■ 
present  differences  in   the    relative    proportions  of  cells  and  rtm 
The  richly  cellular  forms  are  soft  and  pulpy,  «!iil-t  those  in  whk-h 
stroma   i-   more  abundant  are  firmer  and  more  fibrous  In  i  "- - 
(Fig,   233).      Retrogressive   changes    are   infrequent.      There  i-  nt 
any  notable  increase  in  the  mtmU'r  of  leucocytes  in  the  blood1,  bin 
red  corpuscles   are   diminished    in    number  (aniemia).      It    is   tern!  i 
new  lymph-glands  arc  formed  in  this  disease  to  compensate  the  fall 
tion  of   the  original    glands.      These    new   gland-   subsequently   ■ 
lr the  pjilhologii-al  profess  at  work. 

The  pathology  of  the  disease  i-  undoubtedly  obscure,     Tbtdtll 
ment  of  the  ucw-gmwtlis  con  not  in  most  cases  Ite  regard 
nf  infection,   though   one   instance   i-    recorded    in    which   nil   s-^i-t 
shortly   afh-r   lioing   I'oneenied  in   the  clinical    investiga   i 
developed   the  disease   in   a    very  acute   form.      The   diss 
many  of  the   lower  animals.      A    bacillus   has   been   credited   with 
production  of  the  disease,  but  further  evidence  U    necessary  bpfbn) 
theory  of  causation  can  be  accepted. 
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m.  DISEASES  OF  MUCOUS  MEMBRANES. 

There  is  sufficient  similarity  between  the  diseases  of  the  various 
mucous  membranes  to  justify  a  general  consideration  of  their  characters. 


Inflammation. 

It  is  convenient  to  distinguish  certain  varieties  of  inflammation  of 
mucous  membranes  according  to  the  degree  of  damage  to  the  tissues, 
the  depth  to  which  it  extends,  and  the  general  character  of  the 
exudation.  In  each  of  these  varieties  the  usual  changes  in  the 
blood-stream  and  vessel- walls  occur,  leucocytes  and  fluid  escaping 
into  the  tissues  and  on  to  the  surface  of  the  membrane.  The  two 
main  varieties  into  which  inflammation  of  mucous  membranes  may 
thus  be  divided  are  (1)  catarrhal,  in  which  the  exudation  remains 
fluid;  and  (2) fibrinous,  in  which  it  coagulates,  forming  the  so-called 
false  membrane  on  the  surface. 

Catarrhal  Inflammation. — In  this  form  the  exudation  may  be  serous, 
mucous,  mucopurulent,  or  purulent,  according  to  the  nature  and 
intensity  of  the  irritant. 

Serous  Ckdarrh. — In  acute  cases  the  earliest  signs  of  simple  inflam- 
mation (p.  180)  are  rapidly  followed  by  a  copious  watery  exudation 
from  the  surface,  and  the  tenderness  and  pain  are  soon  relieved. 
When  the  onset  is  less  acute,  the  early  changes  are  less  marked,  the 
exudation  being  usually  the  first  thing  noted.  These  changes  are  fre- 
quently met  with  in  ordinary  nasal  catarrh. 

Mucous  Catarrh  is  characterized  by  increased  production  of  mucus 
derived  from  the  surface-epithelium  or  secreted  by  the  mucous  glands 
(Fig.  235).  The  mucus  escapes  with  the  serous  exudation,  or  remains 
more  or  less  adherent  to  the  surface,  as  is  often  seen  in  chronic 
pharyngitis.  Sometimes  the  seromucous  discharge  is  practically 
clear ;  at  others,  it  is  more  or  less  opaque  :  in  the  former  rase,  it  con- 
tains only  a  few  cells :  in  the  latter,  a  large  number.  The  cells  are 
either  escaped  leucocytes  or  desquamated  epithelial  elements,  detached, 
for  the  most  part  singly. 

lhirvlent  thtarrh. — If  the  irritation  be  more  intense  and  give  rise 
to  a  chemotactic  substance,  the  numl>er  of  leucocytes  escaping  will  l>e 
still  greater,  and  the  secretion  will  be  purulent  or  mucopurulent.  In 
such  cases  the  epithelium  is  often  detached  in  considerable  masses,  and 
the  underlying  tissue  markedly  infiltrated  with  leucocytes.  The  base- 
ment-membrane is  oedematous  and  the  whole  mucosa  swollen.  All 
lymphoid  structures  in  the  mucous  membrane  are  generally  affected. 
The  lymph-follicles  swell,  their  contents  soften,  and  minute  abscesses 
are  formed ;  the  latter  burst  and  leave  the  small  ulcers  (follicular 
ulcers)  so  often  seen  in  severe  catarrh  of  the  intestines,  appendix  vermi- 
fbrmis,  and  pharynx.  The  ulceration  in  some  cases  extends  l>evond 
the  confines  of  the    follicle.     Not   infrequently  the  pro|>er  ylamlular 
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atructurra  also  become  involved,  and  their  ducts  may  become  choked 
with  the  products  of  their  altered  secretion. 

The  acute  process  may  quickly  sulfide,  or  it  may  become  climuic. 
In  the  former  case  the  damaged  epithelium  is  noon  replaced,  the  repair 
often  beginning  before  the  vusculur  changes  have  disuppeart«l.  In  the 
latter  case  (cltronir  ititurr/i)  the  hypenemia  diminishes,  but  the  escajx- 
of  leucocytes  and  die  multiplication  and  desquamation  of  epithelial 
cells  continue,  while  the  sub-epithelial  tissue  remains  extensively  infil- 


thM  liitvt- miikTK"!ie  I'Umni'  miiiriiiil  cliniiKi-:  .-,.  miiei.ld  will  whin*  iiiK-li-I  htvc  undrr- 
imiii'  ■  similar  <liuiij!i' ;  <f.  ik'*i|iiimn(i.'d  miirnlrl  n'lls;  t,  dtwq  nam  lied  clliaicd  m\\>; 
/,  ilviKKtlt  ™iisi«tinpi  "f  iunni»-cJm|ilrt*.  and. ./,.  .if  miieua nlamciiU  mid  pun  mrpUKln: 
g. rirrvltiry  diH't  <if  11  inunint. bUihI  nlli'd  Willi  in  mm  ami  cells;  h.  di-hjuaiiiau-d  oplihi-lium 
uX  I  Ik-  vxcrrtury  duel ;  i.  |>ci>  latent  vplthcllnm  "f  tlie  duct  :  t.  nrclleu  hyaline  baiH-mci-t- 
nwtnliranc:  /.  connective  tiwnc  ••(  the  mucosa  -imewliat  in  lilt  raid  with  mli:  hi.  d» 
l.-mlcd  lilmiilvi-iwi-N :  w.  mncmis  gland*  rilled  Willi  mucus  :  ir„  actnl  of  mucoua  ftlaml  wilh- 
oiil  nim-iis:  ...  nilEMK.ry  cell*  In  tin'  i'|ii(lifliiiiii:  ,,.  cellular  innltratl.m  »f  tlie  connects, 
tissue  «f  I  hi*  mi *  Klmuh.         Il-ii.     rKlrislvr.i 

tnit.il  with  leucocyte*.  \^wr  ,,n,  the  epithelium  and  the  gland.-  may 
undergo  atrophy,  while  the  subepithelial  connective  tissue  may  become 
more  and  more  extensively  infiltrated  will)  small  cells,  due  to  multi- 
pliciilion  of  iiunieetive-tissiie  cells,  leading  ultimately  to  marked 
fibrosis,  When  stretching  of  the  minims  membnine  accompa- 
nies alrnpliy  of  the  glands,  as  iu  chronic  catarrh  and  dilatation  uf 
the   stomach,    the   membrane    is   often    much    thinner   than   normal. 
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The  changes  in  the  subepithelial  connective  tissue  are  usually  accom- 
panied by  enlargement  of  the  lymphoid  structures — an  enlargement 
which  sometimes  gives  to  the  membrane  a  nodular  or  granular  ap- 
pearance. This  is  well  seen  in  the  pharynx  (follicular  pharyngitis). 
The  enlarged  lymphoid  structures  may  ulcerate,  and  the  muscular  and 
elastic  tissues,  although  they  lie  some  distance  from  the  surface,  may  be  so 
far  weakened  that  when  considerable  pressure  is  put  ujmmi  them — as  by 
the  cough  of  chronic  bronchitis — they  may  give  way,  and  permit  dilata- 
tion of  the  tul>es  they  surround.  The  muscularis  mucosa;  when  damaged 
is  never  completely  repaired.  After  death  any  hyperemia  present 
rapidly  disappears,  and  is  seldom  recognizable  even  in  severe  cases  :  the 
mucous  membrane  may  even  look  paler  than  natural  ;  but,  after 
repeated  inflammation  of  any  intensity,  more  or  less  dark-gray  pig- 
mentation from  extravasated  blood  will,  in  most  situations,  l>ear  evi- 
dence of  the  former  attacks.  These  appearances  can  readily  l>e  seen 
in  a  chronicallv  inflamed  bladder  such  as  is  associated  with  stricture  of 
the  urethra,  or  enlarged  prostate. 

Etiology. — The  causes  of  catarrhal  inflammation  are  (1)  the  entrance 
of  mechanical  or  chemical  irritants  into  the  cavities  or  tubes  lined  bv 
mucous  membranes ;  and  (2)  the  presence  and  growth  of  bacteria  and 
other  jiarasites. 

As  examples  of  the  first  of  these  causes  may  be  quoted  the  produc- 
tion (1)  of  bronchitis  by  metallic  particles  or  irritating  vapors  in  the 
respired  air;  (2)  of  gastric  catarrh  by  the  action  of  alcohol  ;  and  (.*>) 
intestinal  catarrh  by  the  passage  of  irritating  iugesta.  As  examples  of 
the  second  group  may  be  quoted  the  catarrh  of  the  large  intestine  due 
to  the  presence  of  thread- worms,  and  the  urethral  catarrh  caused  by  the 
introduction  and  growth  of  gonococei. 

The  two  causes  al>ove  mentioned  mav  frcqucntlv  be  combined. 
They  are  probably  assisted  to  some  extent  by  c,\|>osure  to  cold,  as  in 
intestinal  catarrh,  and  by  certain  abnormalities  in  the  circulatory  blood 
such  as  are  believed  to  exist  in  gout. 

Fibrinous  Inflammation. — This  term  is  applied  to  those  inflamma- 
tions of  mucous  membranes  and  o|>cn  wounds  which  are  characterized 
bv  the  production  of  a  fibrinous  laver  or  so-called  false  membrane — 
such  as  is  seen  in  diphtheria.  On  mucous  surfaces  the  exudation  may 
exist  in  little  patches  or  may  cover  a  large  area.  It  is  usually  of  a 
yellowish  or  grayish-white  color,  and  its  consistency  varies  from  a  firm 
and  tough  membrane  to  a  soft,  pultaceous  material  ;  it  may  be  deeply 
blood-stained.  It  is  more  or  less  easily  separable  from  the  subjacent 
tissue,  and  when  removed  carries  at  least  the  surface-epithelium  with 
it.  In  thickness  it  may  vary  considerably  in  different  jwrts.  The 
words  croupou*  and  diphtheritic  are  often  applied  to  conditions  of  fibrinous 
inflammation,  and  are  sometimes  used  to  distinguish  different  degrees 
of  the  process.  Thus  some  authorities  call  an  inflammation  croujtou* 
when  the  membrane  involves  no  more  than  the  epithelium  of  a  mucous 
membrane,  and  diphtheritic  when  it  involves  the  whole  inucma.  This 
difference  in  the  depth  of  the  tissues  in  vol  veil  is  probably  due  to 
27 
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variation  in  the  intensity  of  the  irritant,  the  extent  of  the  fal#t 
membrane  in  diphtheritic  inflammation  being  due  to  the  coagulation- 
necrosis  (p.  36)  of  the  involved  mucous  membrane.  The  use  of  the  term 
diphtheritic  in  this  connection  is  unfortunate  as  it  docs  not  imply  any 
necessary  connection  with  diphtheria,  although  this  disease  undoubtedly 
furnishes  the  best  examples  of  diphtheritic  inflammation.  It  is  liettcr, 
therefore,  to  discard  these  unnecessary  terms,  and  to  sj>eak  of  fibrinous 
inflammation,  recognizing  that  this  may  vary  in  intensity,  and  conse- 
quently in  the  degree  of  destruction  of  ti>sue  that  it  induces.  Accord- 
ing to  Cohnheim,  the  process  is  more  likely  to  be  superficial  in  those 
situations  where  a  distinct  basement-membrane  exists — as  in  the 
pharynx  and  respiratory  tract — than  in  those  where  this  is  not  the 
case — as  in  the  intestines  and  conjunctiva. 

False  membranes  differ  in  character  according  to  the  depth  of  tis>ue 
in  vol  veil.  If  only  the  epithelium  be  destroyed,  the  membrane  is  thin 
and  easily  stripped  off*.  It  consists  of  several  layers  of  fibrin  contain- 
ing in  their  meshes  leucocytes,  desquamated  epithelial  cells  and  debris: 
and  lies  on  the  surface'  of  the  hyperemic  mucous  membrane,  which  i> 
denuded  of  its  epithelium  and  infiltrated  with  leucocytes.  If  the  whole 
mucosa  is  involved,  as  in  diphtheria,  the  false  membrane  is  serrated 
with  difficulty,  and  its  deeper  parts  arc  found  to  contain  necrosed  tis- 
sue. In  such  cases  a  bleeding  surface  is  left  when  the  membrane  is 
removed.  In  advancing  cases  there  is  no  sharp  line  between  the  coagu- 
lated and  the  living  tissue-elements. 

Etiology. — The  apparent  causes  are  very  varied.  False  membranes 
are  found  (1)  on  the  tonsils,  larynx,  and  other  parts  in  affections  due 
to  the  B.  diphtheria?  and  to  other  organisms  (streptococci,  piicumo- 
bacilli),  or  as  a  result  of  scalds  or  the  application  of  caustic  chemi- 
cals ;  (2)  in  the  bladder  after  parturition  (when  a  complete  cast  may 
ho  expelled),  and  in  the  most  acute  cystitis ;  (3)  in  the  vermiform 
appendix,  sometimes  from  the  irritation  of  a  concretion  ;  (4)  in  the  lower 
part  of  the  large  intestine  in  dysentery  ;  and  (">)  as  a  chronic  change  in 
the  air-tubes  in  plastic  bronchitis.  It  may  be  noted  here  that  fata* 
membranes  sometimes  form  upon  granulating  wounds,  and  it  is  held  by 
some  that  there  is  no  real  distinction  between  such  cases  and  those  of 
true  diphtheria  of  wounds  and  of  hospital  gangrene.  It  seems  nn»t 
probable,  however,  that  there  is  an  etiological  difference,  for  fal>e  mem- 
brane on  granulations  may  be  induced  by  merely  blistering  the  siirfan-. 

Although  the  al>ovc  facts  show  that  falsi'  membranes  may  reMih 
from  the  action  of  simple  irritants,  the  great  majority  met  with  in  man 
are  due  to  the  action  of  pathogenic  organisms,  for  most  of  them  an* 
contagious  and  organisms  are  found  in  almost  all  cases. 

Effects. — The  effects  of  inflammation  of  mucous  membranes,  whether 
catarrhal  or  fibrinous,  depend  very  largely  upon  the  size  and  function 
of  the  tubes  or  cavities  involved.  Acute  catarrh  generally  gives  rise 
to  pain  and  to  spasm  of  the  involuntary  muscular  tissue,  as  is  seen  in 
the  intestinal  catarrh  of  children.  Wlicn  the  tubes  affected  are  small, 
obstruction  to  the  passage?  of  the  secretions  which  they  convey  may 
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lead  to  serious  results.  Thus  catarrh  of  the  small  bronchial  tubes  or 
diphtheritic  inflammation  in  the  larynx  and  trachea  may  so  obstruct 
the  entrance  of  air  that  the  oxygenation  of  the  blood  is  gravely  inter- 
fered with,  while  catarrh  of  the  bile-ducts  may  similarly  prevent  the 
bile  reaching  the  intestine  and  lead  to  jaundice  (p.  81).  When  much 
inflammatory  fibrosis  has  occurred,  marked  irregularity  or  narrowing 
(stricture)  of  the  lumen  of  the  affected  tube  may  result.  The  beet 
illustration  of  this  termination  is  seen  in  the  result  of  repeated  attacks 
of  gonorrhoea.  In  this  disease  the  purulent  catarrh  of  the  urethra  it) 
often  followed  by  so  much  proliferative  inflammation  of  the  submucous 
tissue  that  die  lumen  of  the  tube  is  almost  occluded.  In  structures  of 
less  importance,  if  the  occlusion  is  complete,  retention-cysts  may  be 
formed  by  distention  behind  the  stricture  (p.  158).  When  the  ob- 
struction is  permanent  but  not  entire,  hypertrophy  of  the  muscular 
walls  above  the  stricture  is  usually  found  (p.  86). 

Gastric  Ulcer. 

It  occasionally  happens  that  the  nutrition  of  some  small  area  of 
the  wall  of  the  stomach  is  interfered  with,  either  by  some  local  dis- 
turbance in  its  blood-supply  or  by  some  injury  to  its  mucous  surface. 
When  this  occurs  the  gastric  juice,  especially  if  its  acidity  be  increased, 
acts  upon  the  damaged  or  necrosed  area  and  rapidly  produces  an  ulcer. 
Such  lesions  may  be  found  both  in  the  stomach  and  in  the  upper  part 
of  the  duodenum,  but  are  commonest  near  the  pyloric  end  of  the  lesser 
curvature  of  the  former  organ. 

When  seen  in  their  most  acute  stage  these  ulcers  are  generally  less 
than  an  inch  in  diameter.     The  inflammatory  changes  in  the  walls  of 

Fiu.  236. 
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the  ulcer  are  so  slight  that  the  latter  are  not  appreciably  thickened. 
The  ulcer  varies  in  depth :   in   some  cases  it  only  reaches  the  sub- 
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mucous  tissue;  in  others  it  may  penetrate  the  muscular  and  even  the 
peritoneal  coat  as  well.  In  the  latter  case  the  aperture  in  each  coat 
is  smaller  than  that  in  the  coat  immediately  above  it,  so  that  the  hole 
or  ulcer  lias  a  funnel-shaped  or  shelved  apjxiarance  when  seen  from 
the  interior  of  the  organ  (Fig.  236).  When  the  process  of  formation 
is  more  gradual,  this  shelved  appearance  is  lost  and  some  slight  thick- 
ening of  the  walls  is  visible.  Any  organ  adjacent  to  the  ulcerated 
part  of  the  stomach — <\y.,  pancreas  or  liver — may  become  adherent  and 
the  ulceration  may  extend  into  its  substance,  so  that  it  may  form  the 
floor  of  the  ulcer.  The  longer  the  ulcer  has  existed  the  less  typical 
are  its  appearances ;  wheu  some  weeks  or  months  have  elaj>sed,  its 
outline  becomes  irregular,  its  walls  thickened,  its  floor  roughened,  and 
its  extent  often  considerably  increased. 

Healing  may  occur  by  regenerative  proliferation  of  the  adjacent 
undamaged  tissues.  In  this  process  even  the  glands  may  to  some 
extent  be  reproduced ;  but  some  puckering  always  remains  as  a  result 
of  the  inflammatory  repair,  and  the  muscular  layers  are  rarely,  if  ever, 
regenerated.  In  the  course  of  such  an  ulcer,  especially  of  the  acute 
variety,  two  accidents  are  very  liable  to  occur.  The  first  of  these  k 
severe  hemorrhage.  When  it  is  remembered  that  the  principal  vessels 
supplying  the  walls  of  the  stomach  lie  in  the  submucous  tissue,  it  k 
easy  to  understand  how  readily  one  of  these  main  trunks  may  be  laid 
open  by  the  necrotic  process  just  descril>ed.  The  second  accident  i> 
perforation  of  the  wall  of  the  stomach.  In  the  case  of  deep  and  acute 
ulceration  the  peritoneal  coat  is  not  infrequently  perforated  l>efon? 
the  wall  of  the  stomach  has  become  firmly  adherent  to  any  other  organ. 
Copious  or  repeated  hemorrhage  may  give  rise  to  fatal  anaemia  and 
syncope  :  perforation  is  almost  invariably  followed  by  acute  suppura- 
tive peritonitis.  Cicatrization  of  a  chronic  ulcer  may  be  accom- 
panied by  so  gmit  a  contraction  of  the  resulting  scar  that  either 
obstruction  of  the  pylorus  may  occur,  if  the  ulcer  is  situated  near 
to  this  opening,  or  the  stomach  may  be  much  deformed  (hour- 
glass contraction)  if  the  >car  be  situated  toward  the  central  part  of 
its  wall. 

The  mode  of  causation  of  gastric  ulcers  has  been  much  debated. 
It  has  been  suggested  that  embolism  or  thrombosis  of  a  small  artery 
may  occur,  and  that  death  of  a  portion  of  the  mucous  membrane  may 
result ;  but  of  this  occurrence  there  is  no  sufficient  evidence.  Ulcer* 
have  been  produced  experimentally  in  dogs  by  feeding  them  with  very 
hot  food,  but  this  mode  of  causation  is  unlikelv  to  occur  in  mankind. 
Bolton  produced  ulcers  in  guinea-pigs  by  injecting  them  with  a  cyti* 
lytic  serum  produced  by  injecting  rabbits  with  macerated  gastric 
mucous  membrane  derived  from  other  guinea-pigs,  but  this  again 
throws  little  light  on  the  human  disease.  The  association  of  gastric 
ulcers  with  chlorosis  and  with  hyjwracidity  of  the  gastric  juice  seems 
well  established.  Micro-organisms  have  Ikhmi  found  in  the  tissues 
round  the  ulcers,  but  cheir  presence  is  probably  the  result  of  secondary 
infection  after  the  lesion  has  occurred. 
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In  the  duodenum  ulcere  may  be  met  with  after  severe  burns 
of  the  -l;iu  :  they  appear  to  be  due  to  necrosis  of  tliv  glands  of 
Bnmner. 

Ulceration  of  the  Small  Intestine. 

In  tli**  small  intestine  the  forms  of  inflammation  which  require  special 
Onutderotion  are  principally  ih.ise  in  which  the  lymphoid  tissue  is 
Mainly  involved.  Some  inflammatory  swelling  of  Peyers  patches  anil 
■f  the  solitary  glands  occurs  in  diphtheria  una  in  kchi-M  facer,  bnl  in 
neither  of  these  diseases  does  the  lymphoid  tissue  often  undergo  neeroaiB, 
and  .>nly  rarely,  therefore,  does  ulceration  occur.  On  the  other  hand, 
in  tubercular  infection  of  the  intestine,  ulceration  is  usual;  and  in 
liij'lt'iiil  fiver,  almost  invariable.  Tubercular  infection  has  already  Iwen 
<">ii.-i(lerwl  (p.  -.70);  the  lesions  occurring  in  typhoid  fever  will  now  he 
nwuihed. 

Typhoid  fever  i^  an  acute  infective  disease,  (\w  to  the  action  of  the 
BaoiBm  ^pAowsfp.  317). 

The  ordinary  duration  of  the  fever  is  three  or  four  weeks,  and  the 
feni]ierjitiire,  as  a  rule,  both  rises  and  falls  gradually.  The  must  charac- 
teristic lesions  are  found  in  the  solitary  and  agminated  follicles  of  the 
!"t*-tiiie,  the  corresponding  lymphatic  glands,  in  the  spleen,  and  BOtne- 
ntnea  the  red  marrow.  The  ivt&Uinal  lesions  are  the  most  constant, 
a|nl  their  various  stapes  correspond  so  closely  with  definite  clinical 
•""iidition-  thai  we  can  usually  judge  of  the  state  of  the  intestine  from 
"'><■  symptoms  and  the  day  of  the  disease.  It  is  generally  believed  that 
>nft»ction  occurs  from  the  intestine,  and  that  the  intestinal  lesions  arc 
points  of  inoculation.  Thence  the  organisms  spread  to  the  mesenteric 
panda,  spleen,  liver,  and  kidneys,  and  are  occasionally  fonnd  in  the 
"^iiic.  It  is  possible,  however,  that  the  disease  is  rather  a  general 
'V-etiuiL  (scpiictemia),  the  toxins  of  the  bacilli  especially  atleeting  the 
ymphuid  tissue. 

The  pathology  and  morbid  anatomy  of  typhoid  lever  include  other 
conditions  due  *  ] )  to  the  direct  action  of  the  bacterial  toxines  and  (2)  to 
ilu-  depressing  effects  exerted  by  them  upon  the  vitality  of  the  tissues 
generally,  which  are  therefore  more  than  usually  liable  to  invasion  by 
other  bacteria,  such  as  pyogenic  cocci  and  pncuiHocoeci.  Thus,  evidence 
m  genera]  poisoning  is  seen  in  the  continued  lever,  which  may  assume 
a  septic  type,  and  even  Ik;  accompanied  by  the  formation  of  abscesses, 
ttobably  resulting  from  a  mixed  infection.  Cloudy  swelling  is  found 
in  many  organs  (p.  45),  and  the  muscles  are  also  especially  liable  to 
undergo  the  changes  known  us  Zenker's  degeneration  (p.  65).  Endo- 
carditis is  rare.  Ulceration  of  the  larynx,  especially  about  the  epiglottis, 
Ib  occasionally  present,  and  may  lead  to  oedema  of  the  glottis  or  to  necrosis 
of  the  cartilages.  Bronchitis  is  usual,  and  broncho-pneumonia  maysuper- 
■edema  of  the  lungs  is  common  in  fatal  cases  ;  and  lobar  pneu- 
is  a  rather  frequent  complication  in  some  epidemics. 


422 


DISEASES  OF  SPECIAL   TISSUES  AND 


take  place  in  the  solitary  glands  and    Fever's  patches.      In  meet  w 
Mir  process  i.-  limited  hi 
F10.237.  ileotn  and  cawon;  and   ■ 

j^T7^^^-  an>    alwav-     lii">t     aftjOttd    which  if 

^v^^»^*n^t^^_^        situated nearest  to  tin- Deo-naml *ih» 

-■^       tij       '"*  of  oases  they  an  not  tarn 

Bsoending ooloo.     It  is,  moreover,  un- 

r  |  'V».     .   \    .  n-iiiil    t.i    find  nhlTs    hi^'he!     i),;i 

^"■w ,   \J>  __~fa-\    '  ■J*,__iJ       i''1'1  "'""'•  < I >< '  valve,  inn 

tend  into  tin-  upper  pan  of  thcdui"l>- 

iwrllinfor  rvycr'n-itrhcs  uidiolIUrj       nUln,  or  even  lie  found   Eo 

tjphoid'fcTer      "  '  "       1"' ['[fli'li.V  Vermiform  IS  may  BBS  hi 

■fieotML 

The  first  change  observed  is  a  hyperemia  and  cell-infiltration  of  DJ 
glands.      Many  of  the  cells  increase  con.-idcrahU    In    ■!.■■ 
nucleated  forms  are  especially  common.      Itoth  l'cycr's  pafe  ! 
solitary  glands  thus  become  considerably  enlarged  and  imiiaiwiil,  ■ 
stand  up,  as  sharply  circumscribed,  evenly  raised 
bee  of  the  intestine  (Fig.  237).     Sometimes  Ihey  >lighth  ovcriaaA 
adjoining  mucous  membrane,  and  are  surrounded  bj  ■  b)  | 
They  are  of  a  grayish-white  or  pale-red  color,  and  of  a 
consistence — the  larger  the  size,  the  paler  the  color.     The  ii'iiiiiririftl 
mucous  membrane  is  also  hynenemic,  and  is  the  seat  of  an  acute  gmml 
catarrh,  which  is  most  pronounced  before  the  gland-  BWsU,      1  '■ 
ular  infiltration,  in  many  partB,  rapidly  extends  beyond  tl" 

the  glands  into  the  immediately  surrounding  urn!  -u!  >j nt  I 

in  some  cases  even  into  the  muscular  and  serous  ooate,      lluetlli  o»nb( 
readily  found  during  this  stage,  which  ends  in  the  first  half  .1  tl 
week  of  the  disease. 

The  process  now  passes  into  the  second  stage — that  of  the  death  w* 
disintegration    of    the    newly    formed    tissue. 
Many  of  the   enlarged    glands   subside,  the  Pn  Ml 

new  elements  become  fatty  and  are  absorbed, 
and  the  inflammation  thus  undergoes  :i  gradual 
process  of  resolution.  Hut  in  other  glands  the 
intensity  of  the  bacterial  poison  (p.  318) 
death  of  the  inflamed  lymphoid  tissue. 
The  necrosed  tisanes  then  ueparate.  If  a  few 
scattered  follicles  in  each  patch  have  alone 
Item   destroyed,   only    small    sloughs   will    be 

formed  j  and  after  the  separation  of  these,  the 

IVycr's    patches  thus  a  fleeted    will   assume  a 

peculiar   reticulated   npjM'H ranee.     If,  on   the  other  hand,  as 

usual,  the  entire  lymphoid   mass  is  killed,  this  will  separate  ■ 
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iDoiT  large  sloughs  (Fig.  -30),  im<l  the  typical  ulceration  will  he  pro- 
ilmvil.  Kesolution  or  necrosis  hfi/itm  during  the  latter  half  of  the 
w>mii  week.  In  the  rase  of  necrosis,  the  Blougbfl  uparaie  toward  the 
iiiJof  the  third,  or  during  the  beginning  of  the  fourth  week.  This  is 
Ifae  period  of  danger  in  which  either  seven  hemorrhage  or  perforation 
into  the  peritoneal  cavity  may  take  place. 

Pin.  S8B. 


*  IVyer'e  patch  from  ustKnl  typhoid  foyer,  in  which  death  occurred  at  the  beginning  of  Ihe 
Ibwth  »e»k.  a,  n  imall  uldur  from  which  the.  *loii|ch  hu  Hpantsd,  leaving  a  clean  floor 
(ntiiH'utmr  layer)  ami  undermined  eilaef;  ft.  centre  of  t'eyer'i  patch,  from  which  slough  U  In 
pnuzssof  aepnrnlion  as  a  niniile  mass,  befog  only  adherent  at  e. 

Although,  as  already  stated,  the  cell-infiltration  may  extend  beyond 
ihe  confines  of  the  glands,  this  is  rarely  the  ease  with  the  ulceration. 
The  peripheral  infiltration  undergoes  resolution,  and  hence  the  ulcers 
have  the  same  cm tigtir:i lion  as  the  original  glands — those  originating 
from  the  patches  Iteing  oval,  with  their  long  diameters  in  the  direction 
of  the  gut  ;  and  those  originating  in  the  solitary  glands  being  circular 
in  -h;i|"  ,  like  those  arising  from  partial  sloughing  of  a  patch.  In  rare 
ben  there  is  much  infiltration  of  the  surrounding  mucous  mem- 
bniH,  the  ulceration  may  extend  slightly  beyond  the  confines  of  the 
glands.  An  ulcer  from  a  single  I'cyerV  patch  maybe  five  inches  long, 
e  blending  of  ulcerated  patches  and  follicles  in  the  neighborhood 
of  the  ileocecal  valve  may  affect  so  large  an  area,  that  this  part  of  the 
intestine  may  seem  to  have  lost  almost  all  its  mucous  membrane. 

With  the  sloughing  and  disintegration  of  the  new  tissue  the  process 
of  infiltration  ceases,  and  hence  there  is  no  induration  or  thickening  of 
the  base  or  edges  of  the  ulcer.  The  base  is  smooth,  and  is  usually 
formed  of  the  submucous  or  muscular  coat  of  the  intestine.  The  edges 
arc  usually  thin  and  undermined,  and  consist  of  a  well-defined  fringe 
of  congested  mucous  membrane  (Fig.  240).  This  is  best  seen  when 
the  gut  is  floated  in  water.     In  some  cases,  especially  where  there  is 


42-1 


/-/•71W's   ur  si'icmi.    riSSfKS    \.\l>  OltHASS. 


■ 


surruundiug  infiltration,  the  edges  are  firm  nml  thick,    te 
ili.-  sloughing  ia  deeper,  and  extends  through  the  muscular  layer 
peritoneum.     The  fetter  ma;  either  »loagh  or  give  w»j  urn 
muscular  effort,  eithei  of  the  bowel  when  stimulated  by  improper  feel, 
or  of  the  abdominal  muscles  when  the  patient  ia  allowed  to 
strongly.     The  perforation  i-  generally  small.     As  a  mlr,  4U 

/t'tiifix  (purulent)  results  :    ninlv,  a.  I  lir-it  ill-  Win  and  Imiili/c  tliv  inflam- 
mation.    Peritonitis  may  also  occur  by  simple  extension  Iron 
from  an  inflamed  gland,  or  from  a  splenic  abscess.      Horn 
occur  from  any  vessel  opened  up  during  the  separation  of  tfc 
It  is  due  either  t<i  in-nlticiciit  plugging  by  thrombosis  or  to  nicchnniral 
displacement  of  the  thrombus  after  it  is  farmed. 


Km.  -.MO. 


! 


Tin'  third  stage  of  the  process  is  that  of  cicatrization, 
begins  in  the  fourth  week.     This  takes  place  by  the   reaolntl 
peripheral  infiltration,  the  approximation  of  the  undermined  edftettnd 

their  union  with  the  floor  of  the  nicer,  and  tin-  gradual  ft* 

epithelial  covering  hy  growth   from  the  margin.     The  grand 
is  not  regenerated.     The  resulting  cicatrix  i-  slightly  rhrprt  - 

vascular   than    tin-  surrounding  mi -   membrane.      It   i-  pigtnratni 

either  uniformly,  r>r  ■mly  round  tin-  margin.     Tin  re  u  no  pucki 

diminution  in  the  calibre  of  tin-  gut.      In  so vans,  however,  eirairi- 

ntion  does  not  take  place  so  readily,  and  the  floor  of  the  nicer  !«'«»« 
the  seal  of  11  neromtnrjf  and  more  extensive  ulceration.  This  may  til' 
place  after  die  general  disease  has  run  it-  course,  or  during  a  relspe. 
['mfiisc  hemorrhage  mid  pcrfonilion  arc  common  result-  of  serouhin 
ulceration,  Only  one  ulcer  may  '»'  afloeled  by  ilii-  second  "  ■ 
the  rwl  having  either  healed  or  Is-iiig  in  ti  litir  way  to  bed 

Comparison  between  Typhoid  and  Tubercular  Ulceration. — Kmm  oV 
foregoing  descriptioni.  of  typhoid  mid  tultercular  [ft.  37S)  utwratMirf 
the  intestine,  ii  will  In-  noticed  that  these  two  COndtttOM  have  <■« 
ini|Kirl:mt  ehtiraeter  in  eommiin — vi/.,  the  uniformity  with  which  W 
ntinr  in  the  fi/nifilntiii  linKiir,  I  [nice  in  Imtli  ranee  the  uhvr-  an  ■»• 
marked  in  the  ileum  opposite  the  mesenteric  attachment,  anal  rain/ U 
liniiteil  to  the  I'eyer's  |  witches  und  the  solitary  glands.  There  an-, 
however,  Iwo  character-  po--e— eil  In  tubercular  ulcer-  h  Ilii  I. 
-uilicc  n>  distinguish  them  from  typhoid  ulcers.  The  tirsi  b.  (is?  modi 
greater  tendency  of  mlHT.nli.-i-  t..  spread  hy  means  of  the  vi-ssrls,sBt 
the  second  in  the   presence  of  milking   luUiclc-  which    invarialJy  pre- 
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cede  the  advance  of  the  ulceration.  Thus,  the  typhoid  ulcer,  remaining 
limited  to  a  Peyer's  patch,  has  its  long  axis  parallel  to  that  of  the 
intestine.  On  the  other  hand,  the  tubercular  ulcer,  often  spreading 
transversely  along  the  vessels  before  it  has  involved  more  than  half  the 
patch,  has  its  long  axis  at  right  angles  to  that  of  the  intestine,  round 
which  it  may  form  a  band.  Again,  as  the  slough  separates,  the  floor 
of  the  typhoid  ulcer  tends  to  become  cleaner  and  smoother,  and  its 
edges  thinner  and  more  undermined.  On  the  other  hand,  the  floor, 
base,  edges,  and  adjacent  peritoneum  are,  in  the  case  of  the  tubercular 
ulcer,  always  thick  and  irregular  from  the  presence  of  developing  and 
degenerating  tubercles  (Figs.  240,  241). 

The  Spleen. — In  the  spleen,  the  change  resembles  that  which  ordi- 
narily occurs  in  acute  febrile  diseases,  although  it  reaches  its  maximum 
in  typhoid  fever ;  but  it  may  be  absent,  esjieeially  in  older  patients. 
The  splenic  vessels  are  greatly  distended  and  the  pulp  is  crowded  with 
coqniscles.  The  spleen  is  consequently  enlarged,  often  attaining  two  or 
three  times  its  natural  size.  Its  consistence  is  fairly  firm  during  the 
first  week,  but  softer  in  the  second  and  third.  On  section,  the  organ  is 
at  first  dark-red  and  opaque-looking ;  a  week  later  the  Malpighian 
bodies  are  often  prominent  and  enlarged.  Clumps  of  typhoid-bacilli 
are  found  in  the  spleen,  but  no  local  tissue-reaction  is  discoverable  in 
the  neighborhood.  Necrotic  areas  somewhat  resembling  anaemic  infarcts, 
but  not  confined  to  the  cortex,  are  occasionally  found.  These  are  prob- 
ably due  to  circulator}'  disturbances  and  not  to  the  direct  action  of  the 
bacilli,  for  in  the  latter  case  signs  of  local  inflammation  would  be 
present.  Large  corpuscles,  containing  two  or  three  normal  or  altered 
red  corpuscles,  may  be  numerous,  and  similar  cells  have  been  found  in  the 
blood.  As  the  fever  subsides  (fourth  week),  the  hyperemia  diminishes, 
and  some  fibrous  overgrowth  occurs ;  otherwise  the  organ  regains  its 
normal  characters  and  dimensions. 

The  Mesenteric  Glands. — The  change  in  the  mesenteric  glands  is 
probably  secondary  to  that  in  the  intestine.  These  glands  l>ecome  the 
seat  of  an  acute  cellular  infiltration,  and  are  enlarged,  soft,  and  vascular. 
Usually,  as  in  the  spleen  and  many  of  the  glands  in  the  intestine,  the 
inflammation  gradually  subsides.  In  rare  cases,  however,  the  capsule 
of  the  gland  is  destroyed,  and  the  softened  matters  may  escape  into  the 
peritoneal  cavity  and  so  cause  peritonitis.  The  enlarged  glands  may 
also  become  caseous  and  subsequently  calcified. 

The  Marrow. — Ponfick  has  shown  that  in  typhoid  fever  the  marrow 
of  bones,  like  the  splenic  pulpy  may  contain  large  cells,  in  which  may 
be  as  many  as  twenty-five  red  corpuscles  :  these  break  down,  and  in  the 
convalescent  stage  the  large  cells  only  contain  pigment. 

Inflammation  of  the  Appendix  Vermiformis. 

The  vermiform  appendage  is  subject  to  the  same  morbid  conditions 
as  the  rest  of  the  intestines.  Catarrhal  inflammation  of  the  mucous 
membraue  is  a  common  affection  :  if  mild,  it  may  give  rise  to  no  serious 
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tmiible ;  if  acute,  it  may  spread  to  the  muscular  and  tefoutflMkaf 

tlie  organ  (apjieii'licilix),  :uul  llin.-  give  rise  lo  local  Of  general  p 
Other  results  of  catarrh  are  blocking  of  the  orifice  of  tin-  a|p*fii 
communicating    with    the   csscum   and   the   formation   of  oo 
within  its  cavity.     (I)  When  the  orifice  of  the  appeocSi   ■■■ 
owing  to  swelling  of  the  mucous  membrane  or  to  actual  atricnutaa] 

to  owatrizatioD  of  an  nicer,  mm -  secretion  accmnnlatCB  behind  uV 

obstruction  and   <Vi.it, -iiliin i  nf  tlie  org; m    results,      l.'iider   the* 
stances,  as  in  eases  of  strangulation  of  a  portion  of  intestine,  n 
soli  communis,  normally  present,  may  develop  increased  virnlcaei', wl 
may  pass  through  the  wall  of  the  distended  appendix,  reaching  thr 
one  surface  and  setting  up  peritonitis  in  the  neighborhood  i  i""fjf^- 
iiti-).     (2)  Concretiom  may  tiinii  within  the  lumen  of  the  apj 
deposit  of  earthy  salts  around  a  nucleus  of  desquamated  eshhefian 
ox  inspissated  mucus.     These  concretioiu  maj  clo  ■  '■   i 
bodies,  such  as  grape-  or  date-stones.     In  verj  ran 
foreign  bodit*  (pins,  bristles)  may  lodge  in  the  appendii 
iiinv  also  accumulate  there  and  !»■  moulded  t"  the  shape  of  tJ 
As  a  result  of  catarrh  or  of  irritation  by  concretions,  ulcers  ■■ 
in  the  walls  of  the  appendix  and  perforation  nut;  occur.    Typhi! 

fever,  tuberculosis,  and,  in  rare  mats b,  actroomyeoait  Bay  aUicww 

ulceration  of  this  organ. 

Gangrene  of  the  appendix   may  be  brought  about   by  Vary  haans 
inflammation  (p.  31),  or  by  cutting  off  of  die  blood- 
torsion  of  the  organ  upon  its  long  axis  or  to  acute  kitik 
by  contraction  of  it-  mesentery, 

Inflanimation    nf    the    peritoneum     in     the    neighborhood 
appendix   may  be  of  the  "dry"   type,   leading  to  ■ 
neighboring   parts,   or   may   result    in   the   formation 
ili>    Willis  of  which  arc   funnel   by  adjacent   coils  of  itrb 
aMomina]    parietos.      It'  the  pus  contained   in   such  an 
pvacitatt.fi  it  may  hurst  into  the  ciecuin  <ir  any  nthcr  neighboring  hula* 
organ,    into   the    general    |>critniical    cavity,    or    through 
alMltiTiiinal  wall.      In   other  <-ases   the    abscess   may   burn 
ascending  n.li.n  and  reach  the  under,  or  even  the  upper, 
liver.      In   cases  nf    rapid    |m ■rfmiitidti,  <>r   gangrene   til 
if,  „,  rid  purii/ritl  ptrihmtti*  may  result,  sufficient  time  not  l*tng 
liir  the  formation  of  adhesions. 


mfurel 

...I   il.. 


Dysentery. 

The  change*  occurring  in  dysentery  are  practically  limited  u>  i 
large  intestine,  and  frequently  do  nol  extend  above  die  m-tnni  w 
descending  col in  which  f >:■  r- 1 -  the  ,\\.. .,.,       always  most  narltnl 

Dysentery  is  ;i  disease  mainly  characterized  by  ulceration  " 
slough  iug  of  large  areas  nf  the  mucous,  membrane  oJ    I 

i  il    changes,    however,    vary   considerably  aoenrd 

intensity  1  stage  of  the  disease.     In  the  mildest   EbnH  I 
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stages  i he  changes  arc  must  marked  OS  the  summits  of  the  folds  of 
tin-  macoua  membrane.  These  are  found  covered  with  a  grayish- 
white  layer  of  fibrinous  material  which,  when  scraped  off,  leaves  a 
superficial  loss  of  substance.  Tin-  mucous  membrane,  generally,  is 
byperamiic,  softened,  and  spotted  with  peteohhs,  The  submucous 
tasnc  also  is  infiltrated  with  leucocytes,  and  the  solitary  glands  are 
enlarged  and  prominent. 

When  tin'  process  is  more  severe,  the  submucous  tisane  beoomea 
taare  extensively  involved,  and  the  superficial  layer  of  fibrinous 
material  extends  over  wider  areas,  implicating  more  deeply  the  mucous 
membrane.  The  thickening  of  the  intestinal  wall,  however,  is  much 
greater  id  some  parte  than  in  others,  so  that  projections  are  produced 
Spoil  the  inner  surface  of  the  intestine  corresponding  with  those  jiarts 
which  are  iln-  most  affected.  The  enlarged  solitary  gland.*  usually 
dough,  giving  rise  to  circular  ulcers,  which  rapidly  increase  in  size. 
By  the  time  the  process  has  reached  this  stage,  the  muscular  ami  serous 
euais  ha\e  Iweinne  implicated,  the  latter  being  covered  with  a  layer  of 
fibrin  which  tonus  adhesions  to  adjacent  parts.  The  intestine  is  much 
dilated)  and  contains  Mood  ami  disintegrating  inflammatory  products. 

In  the  most  severe  forms  of  this  disease  the  necrosis  is  still  more 
extensive.  I.arge  portions  of  the  mucous  membrane  are  converted 
Into  black  rotten  sloughs,  and  the  submucous  (Issue  is  infiltrated  with 
hemorrhagic  exudation  ;  this  is  generally  followed  by  suppuration,  by 
means  of  which  the  necrosed  portions  of  tissue  are  removed  (Fig.  242). 


If  the  inflammatory  process  subsides  before  death  occurs  the  ulcers 
[Fig'  -  * ■'■!  tuay  gradually  heal.  When  the  loss  of  substance  has  not 
been  considerable  the  edges  of  the  ulcers  may,  by  the  contraction  of 
the  submucous  tissue,  become  completely  approximated.  More  com- 
monly, however,  The  toss  of  substance  is  so  great  that  large  portions  of 
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the  interior  of  (lie  intestine  in  loft  uncovered,  save  b 
and  islets  of  mucous  membruie. 

When  tlie  Inflammatory  process  becomes  chronic  r !»■  c 

submucous  connective  tissue  become  i •■  marked,  and  the  i 

growth  gives  rise  to  considerable  thickening  ud   induration  »f  the 


intestinal  wall,  and  to  contraction  and  narrowing  of  the  hum.   Px*" 
times  fibrous  bands  are  formed,  projecting   into  tin-  rat 
and  fistulous  passages  not   infrequently  occur  in   the  thiekcnul  i""" 
nn;il  mJL 

The  etiology  of  dysentery  is  imperfectly  known.     Bj 
attributed  to  the  presence  of  amoeba  (p.  257),  by  nthen  to  bad*™- 
Not  improbably  both  these  agencies  are  capable  of  prodndttj 
Dot  identical,  oonditiona. 

Extensive  ulceration  of  the  colon  (ttliyrativ*  noHtit)  is  mmetitnei ""' 
with  in  temperate  climates,  and  i-  often  looked  upon  as  dial 
true  dysentery.      Epidemics  of  ilii-  disease   have  occurred  not  infir- 
qucntly    in    asylums;  they    appear   to   lie   due    to   :i    special    hacillns 
jirnliabls    iih-nlii-jil  »itli   llial    found    l»  Shiga  in  somi    ■ 

(K'M'llllTV, 


Tumors  of  the  Stomach  and  Intestines. 

Stomach.— I'riiniii'v   earei i    is    tl nly   new-groi 

found  in  the  stomach.  In  the  male  the  stomach  is  llie  coniruooefl  - 
•  if  primary  cancer,  hut  in  the  fenuile  both  breast  and  uterus  are  I 
frequently  affected.     The  form  of  ciiucer  found  varies,  to  so 
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with  its  position.  At  the  pylorus,  which  is  affected  in  two-thirds  of 
the  cases,  scirrhus,  encephaloid,  or  even  columnar  epithelioma  may  Iks 
found.  At  the  cardiac  end,  squamous  epithelioma  is  not  infrequent, 
while  all  forms  are  liable  to  undergo  colloid  degeneration.  In  what- 
ever part  of  the  organ  the  cancer  arises,  it  spreads  most  rapidly  in  the 
submucous  layer,  but  always  involves,  to  some  extent,  the  muscular 
coats.  As  it  extends  it  gives  rise,  in  the  interior  of  the  organ,  to 
fungating  masses  (Fig.  244)  or  to  ulcers  with  hard  edges  and  rough 
floors;  and  on  the  exterior,  to  adhesions  to  neighboring  organs,  due   > 

Fin.  244. 


.sch  :  b.  thickened  and 
uvvrted  pyloric  valve; 


to  the  direct  spread  of  the  growth.  Secondary  growths  in  the  glands 
and  liver  arc  exceedingly  frequent.  When  situated  nt  the  pylorus,  the 
growth  causes  thickening  and  cverston  of  the  valve  into  the  duodenum, 
and  narrowing  of  the  orifice,  leading  to  marked  dilatation  of  the  stomach 
at  a  comparatively  early  stage  of  the  disease.  The  secretion  of  hydro- 
chloric acid  by  the  gastric  glands  is  usually  diminished  or  arrested  in 
cases  of  cancer;  but  this  functional  defect  is  found  aliso  in  other 
morbid  conditions  of  the  stomach. 

Intestine. — Two  varieties  of  new-growth  are  commonly  found  in  the 
intestine — adnwmri  and  etirrinomti. 

Intestinal  adenomata  arc  generally  polypoid  in  form.  The  glandular 
elements  in  the  mucous  membrane  covering  them  are  often  so  little 


4;jo 
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Enoreased  1 1  ji»  t  gome  of  the  tumors  may  with  equal  com 

linl  as  jxi/ii//i)iinilii  OT   pliriiiiintn.      Tiny  are    lomul    in    botl       M 

bugs  intestine. 

Almost  every  form  of  carcinoma  may  occur  primarily  in  d*  ii 
tine,  but  oohatmar  qritJuKoma  a  certainly  the  oonunoneat     TV 
invades  the  mbmooona  tad  muscular  walla,  bul  mainly  ottfoM 

the  Interior,  rapidly  encircling,  and  seriously  narrowing1,  the  I ■ 

the  intestine.     Carcinoma  of  the  intestine  i.-  a  oummon  i 
intestinal  obstruction  In  <>\<\  people.     The  rectum,  tb 
colon,  and  the  onxmm  are  the  ootnmoneal  parts  involved, 
growths  occur  in  the  mesenteric  glands  and  in  the  liver, 
before  any  symptoms  have  been  produced  by  the  i 
The  peritoneum  may  be  involved  bj  direct  extansi  b 


IV.  DISEASES  OF  SEROUS  MEMBRANES. 

The  phenomena  of  inflammation  affecting  serous  membranes 
wiib  the  nature  and  intensity  of  the  irritant  to  which  t! 
due.     It  is  convenient  to  distinguish  three  varietiea  of  i 
so-called    "dry"   eases,    in    which   little  exudation    oca 
accompanied   by   free  escape  of   serous  or  serofibrinous  e&nswn; 
(3)  those  in  which  the  fluid  poured  nut  i*  purulent 

(1 ) "  Dry"  or"  Pf-tstir"  Tnflammatirm. — The  sequel 
Btituting  inflammation  is  the  same  in    ktdus  memornm 
vascular  parts,  comprising  dilatation  of  the  bloodvessels,  ■ 
characters  of  the  blood-stream,  exudation  of  fluid,  and 
cytes  and  occasionally  of  red  corpuscles.  The  earl  its  tvisibli 
■nation  is  hypenemin,  shortly  followed  by  a  lose  of  llie  natural  polish 


the  endothelial  surfai*-.     The  ivlls  of  the  endothelium  become 
and  granular;  ili.-v  multiply  rapidly,  and  many  cells,  injured 
irritant,  are  wtst  nff  from  the  surface  (<lr*(jwimatiim)  (Fig 
wime  timi'  li-ui'iM-yti'.*  i -rape  from  the   vessels  and   m  fit  crate  ihr  r 
endotlielial   lissue,  some  reaping  mi  to  tin-  actual   Mil 

by    It    flight     rXudiitioti    nf  tilniiinii-     tviilpli,    wbii-h     l^i 

yellowish- white   layer,  more  or  lew  closely  adherenl    tu    tin 
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endothelium.  This  deposit  of  lymph  tends  to  accumulate  at  points 
where  pressure  is  least,  as  in  the  angles  between  adjacent  coils  of  intes- 
tine. Microscopically,  the  exudation  is  seen  to  consist  of  a  network 
of  coagulated  fibrin  containing  within  its  meshes  numbers  of  emigrated 
leucocytes. 

Aa  the  inflammation  subsides,  the  hypenemia  diminishes,  and  more 
or  less  adhesion  takes  place  between  the  roughened  surfaces  of  the 
serous  membrane  where  they  arc  in  contact.  The  connective- tissue 
cells  multiply  and  shoot  processes  into  the  layer  of  fibrin,  which  is 
gradually  absorbed ;  new  vessels  are  formed  in  this  connecting  mass, 
and  complete  union  by  fibrous  tissue  thus  takes  place  (Fig.   246). 


Fibrinous  pericardii!!  <*  twn  weekn  duration,  n,  parietal  pericardium  trlih  artery  and  vein ; 
ft,  organizing  layer  of  fibrin,  with  engorged  veaii-la  appearing  as  dark  points  on  ""  visceral 
edge  (ft1);  e,  fibrinous  mesh-work;  it,  orgmiiilng  laytr  adjoining  vlm-i-ml  pericardium  (t); 
/.  mmcular  wall  of  heart  with  ml,  pericardial  rat  and  vwwli  ■  g.  line  of  union  of  the  two 
Inflamed  aurnUes.  showing  that  by  Tar  tbc  larger  amount  of  fltirii 
Tlaccral  aide.    \  e. 


Owing  to  the  movement!*  of  the  opposing  surfaces  one  upon  another 
it  often  happens  that  the  newly  formed  fibrous  connections  are  pulled 
out  into  threads  or  bands  of  varying  thickness.  In  this  way  are 
formed  the  peritoneal  bands,  which  are  important  as  a  possible  cause 
of  subsequent  intestinal  olwt  ruction,  and  the  curious  shaggy  condition 
of  the  pericardium  occasionally  resulting  from  in  Humiliation  (cor 
hirsutum). 

(2)  Serova  Inflammation. — The  hypenemia  and  roughening  of  the 
serous  surface  takes  place  in  this  as  in  the  previous  case,  but  the 
effusion  of  fluid  from  the  vessels  is  much  greater,  and  widely  separates 
the  usually  contiguous  surfaces,  forming  a  large  cavity  Irniitided  by  the 
serous  membrane.     In   many  cases  scarcely  any  lymph  coagulates  on 


432  DISEASES  OF  SPECIAL    TISSUES  ASt)   <>: 


« 


the  endothelium,  and  the  effusion  remains  fluid  and    J 
other   instances   a    layer   of  lymph    is    deposited    00    lli<'    wall-  of 
cavity,  and  the  fluid  itself  contains  flakes  of  mrgnkitP 
jilir'ni-mx  tffuxioii).     In   the  latter  cases  the  fluid  may  i-ougulalr  Ui 
jdly-likt*  Bufastance  when  withdrawn  from  the  body.     I  ' 
eeoape  of  red   blood-corpneclee  is  go  Free  thai  the  lluid  i-  dm 
deeply  blood-stained  {hemorrhagic  ffimon).     Subski  i 
maiiiui  is  followed  by  absorption  of  the  effused  sernia  tbioagi 
and  Lymphatics.     In  cases  in  which   the  effusion   is  very  br.:. 

pressure  produced  upon  the  walls  of  the  cavity  correal linply  pwt, 

such  absorption  is  hindered  by  the   resulting  compression  rf 
eels,  and  it  may  be  necessary  to  withdraw  artificial!)  boum  ■■ 
so  as  to  diminish   (he  tension  and  allow  natural  ah* 
When  the  fluid  has  disappeared,  union  of  the  opposed 
serous  membrane  will  take  place,  as  in  (lie  previous   ■■■■■ 
the  endothelium  is  sufficiently  damaged 

(3)   h'uiuli-nt  Inflammation. — lu  certain  eases  the  nature  of  the  im- 
tant  is  such  that  it  exercises  a  chcmotactic   influence  im   d"   : 
and  causes  a  very  free  exudation  of  these  cells  into  tba   -emasmvitv. 
The  effusion   will   then  be  purulent  or  acrojHirulent,  aooonfiac  to  tie 
proportion  of  leucocytes  and  fluid  which  escapes,      Such  purulent  rfu- 
sions  do  not  tend  to  undergo  spontaneous  absorption,  at 
ficially  evacuated.      If  the  pus  remains  in   the  serous 
length  of  time,  great  thickening  of  tliu  serous  toembn 
result  of  the  chronic  inflammatiou  existing  in  the  BubendotheJL  I 
the  endothelial  cells,  to  a  great  extent,   disappear,   and   tb 
lined  with  granulation-tissue  throughout.     Obliteration  of  ft 
takes  place,  as  above,  when  the  walls  are  allowed  la  ooqh  into  contact 

Etiology. — Inflammation  of  serous  membrane  is  generally  ibr  "- 
suit  of  the  presence  of  pathogenic  organisms,  which  may  he  admitted 
either  (I)  by  direct  traumatism  (penetrating  wounds,  rupture)  I 
or  ('2)  by  means  of  the  blood-stream  or  lymphatics.  Tin-  Imeteriap*- 
erally  found  in  cases  due  to  traumatism  are  the  common  i  I 
or  the  Bacillus  eidi  communis:  in  the  second  class  of  instances  tat 
pneumocoocus,  the  bacilli  ■.!"  tul«erculosia  and  of  glanders,  and  rardr 
the  gonococens,  may  be  responsible  ti>r  the  condition, 

Ex]K>sure  to  cold  was  formerly  considered  to  be  an  exciting  ouw, 
and  the  possibility  "f  such  an  occurrence  is  not  absolute!) 
It  may  undoubtedly  act  as  n  prcdis|>otdiig  condition,  rendering  d> 
tissues  unable  to  resist  bacteria  accidentally  present.  The  frttjoret 
occurrence  of  inflammation  of  serous  menibranes  in 
kidney  shows  that  the  poisonous  substances  circulating  in  the  blood  is 
such  conditions  aet  a-  exciting  causes  of  this  form  of  iuflammatioa,  M 
that  resistance  to  the  bacterial  infection  is  diminished — ptMsihly  by 
disappearance  of  the  normal  alexines.  Serous  membranes  may  be 
involveil  secondarily  by  extension  of  inflammation  from  the  rart 
which   they   in  vol,  as   happens   to  the   pleura 
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or  to  the  peritoneum  over  a  gumm 

the  intestine. 


i  the  liver  or  over  an  ulcer  of 


wint!  chronic  m 
mucous  Umuc:  e.  circular  mils 
■ubperltoneil  tluue;  /,  cbrouli 


The  same  irritant  cause  is  capable,  under  different  conditions,  of  pro- 
ducing all  the  varieties  of  inflammation  here  distinguished.  An  example 
may  be  seen  in  the  inflammation  of  the  peritoneum  due  to  the  Bacillus 
tuberculosis  (tubercular  peritonitis).  The  simplest  form  consists  in  the 
deposit  of  a  number  of  miliary  tubercles  in  the  subperitoneal  tissue,  as 
may  frequently  l>e  seen  over  a  tubercular  ulcer.  These  tubercles  may 
be  scattered  throughout  the  whole  of  the  peritoneum.  As  the  process 
advances,  a  dry  fibrinous  exudation  may  become  the  most  prominent 
feature  and  the  coils  of  intestine  may  be  subsequently  matted  together  by 
fibrous  tissue  (Fig.  2471.  In  other  instances  a  large  serous  effusion 
takes  place  into  the  peritoneal  cavity  (amite*)  •  and,  very  rarely,  a  true 
suppurative  peritonitis  may  be  produced.  It  is  possible,  however,  that 
in  these  last  cases  other  organisms  may  aid  the  Bacillus  tuberculosis  in 
producing  the  suppuration. 


Effects. — Simple  dry  i 
panied  by  considerable  paii 


ifl  animation  of  serous  membranes  is  nccom- 
,  owing  to  the  friction  between  the  inflamed 
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surfaces.  Large  serous  effusions  embarrass  the  action  of  the  neighboring 
viscera,  as  of  the  heart  in  ]>ericardial  effusion,  or  of  the  lung  in  pleurisy : 
in  the  latter  case  collapse  of  the  lung  may  take  place  owing  to  the  press- 
ure of  the  fluid.  In  very  chronic  conditions,  as  in  purulent  pleurisy 
(empyema),  the  fibrous  tissue,  formed  by  the  union  of  the  opposing  sur- 
faces, may  subsequently,  by  its  contraction,  cause  some  local  falling  in 
of  the  chest-wall  and  consequent  deformity.  The  inflammatory  precox 
may  extend  from  the  serous  membrane  into  the  substance  of  the  under- 
lying organs,  as  is  seen  in  the  myocarditis  which  results  from  pericardial 
inflammation,  and  in  the  interstitial  pneumonia  which  follows  chronic 
pleurisy  ;  this  fibrosis  of  the  lung  takes  {wrt  in  producing  the  retraction 
of  the  chest  just  alluded  to  (see  Bronchiectasis).  In  peritonitis  the 
extension  of  the  inflammation  into  the  muscular  coat  of  the  gut  lead< 
to  paralysis  of  the  muscle  and  consequent  distention  of  the  intestine* 
(tympanites). 

In  the  case  of  the  pericardium,  the  obliteration  of  the  cavity  by 
adhesions  (adherent  pericardium)  results  in  throwing  additional  work  on 
the  heart,  the  contraction  of  which  is  impeded.  Great  hypertrophy 
of  the  heart  may  be  produced  to  coni]>ensate  for  this  ini]>cdimcnt.  In 
a  few  cases  the  tightness  of  the  coat  of  fibrous  tissue  formed  around  the 
organ  is  such  that  no  enlargement  can  occur,  and  cardiac  failure  is  an 
earlv  and  necessary  result. 

The  fibrous  material  produced  in  tubercular  peritonitis  may  Ik?  un- 
evenly distributed,  giving  rise  to  irregular  masses  of  matted  intestine 
or  omentum.  Caseation  occurs  in  the  new  tissue,  resulting  in  the 
formation  of  collections  of  puriform  material  (Fig.  247).  These  "mid 
abscesses  "  may  burst  cither  into  the  intestine  or  through  the  alnlominal 
parietes  :  if  perforation  occurs  in  both  directions,  a  frrcat  fistula  will 
result.  Movement  of  the  intestines  is  prevented  by  the  fibrous  adhe- 
sions between  the  coils,  and  obstruction  of  the  lumen  of  the  gut  may 
occur  as  the  result  of  kinking  produced  by  contracting  adhesions. 

It  is  worthv  of  note  that  the  adhesion  of  the  two  surfaces  of  a  serous 
membrane  resulting  from  inflammation  is,  in  many  cases,  a  protectire 
condition.  Thus  fusion  of  the  pleural  surfaces  over  a  tul>ercular  vomica 
prevents  the  possibility  of  the  ulcerative  process  extending  into  the 
pleural  cavity  with  consequent  pneumothorax,  while  adhesions  around  a 
gastric  or  intestinal  ulcer  are  protective  against  perforation  and  resulting 
general  peritonitis. 

V.   DISEASES   OF   THE  BLOOD. 

Normal  blood  contains  on  an  average  5,000,000  red  corpuscles 
and  from  7000  to  10,000  leucocytes,  in  every  cubic  millimetre.  Its 
specific  gravity  is  approximately  1005.  The  great  majority  of  the 
leucocytes  present  in  normal  blood  are  of  the  polynuclear  variety  (Fig. 
248) ;  these  constitute  about  70  per  cent,  of  the  whole  number.  Small 
uninuclear  leucocytes  (lymphocyte*)  form  alwut  20  per  cent.,  large  hya- 
line leucocytes  and  eosinophile  cells  each  about  5  per  cent,  of  the 
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total.     Leucocytes  with  basiphile  granules  are  rarely  present  in  normal 
blood. 

In  disease  the  number  of  the  red  corpuscles  and  their  haemoglobin- 
content  are  frequently  diminished  (amentia).  Along  with  these 
changes,  alterations  are  met  with  in  the  shape  and  size  of  the  red 
corpuscles,  by  which  large  corpuscles  (megalocytes),  small  corpuscles 
(inicrocyies),  and  nucleated  corpuscles  (normoblast*)  are  produced. 
Irregularly  shaped  corpuscles  may  at  times  occur  (poikiheytosis).  Con- 
siderable increase  in  the  number  of  red  corpuscles  (polycythemia)  is 
occasionally  met  with,  especially  in  congenital  heart-disease.  The 
amount  of  haemoglobin  contained  in  each  corpuscle  may  be  greater  or 
less  than  the  normal  amount.  The  number  of  the  leucocytes  may  also 
vary.  These  cells  are  diminished  in  number  (leukopenia)  in  typhoid 
fever  and  in  a  few  other  infective  diseases ;  increased  (leucocytosis)  in 
most  infective  diseases,  especially  in  pyogenic  infections,  and  very 
greatly  increased  in  the  disease  known  as  leucocythaemia.  The  relative 
numbers  of  the  different  varieties  of  leucocytes  may  also  be  altered  in 
disease.  Increase  in  the  number  of  eosinophile  cells  (eosinophUia)  is 
especially  associated  with  the  presence  in  the  blood  of  animal  parasites 

Fiu.  248. 


e  d 

Leucocyte*  from  normal  blood:  a,  lymphocyte :  h,  hyaline  leucocyte;  c,  coansely  granular 

leucocyte;  d,  finely  granular  leucocyte. 

(trichina,  ankylostoma,  bilharzia).  Alteration  in  the  density  of  the 
blood  may  at  times  occur ;  thus  the  specific  gravity  of  the  serum 
is  low  in  chronic  Bright's  disease,  and  that  of  the  blood  as  a  whole  in 
chlorosis,  owing  to  lack  of  corpuscles.  The  coagulation  time  of  the 
blood  may  also  be  shorter  or  longer  than  normal.  In  certain  condi- 
tions the  blood  may  contain  excess  of  fat  (liph<vmia)  ;  this  is  generally 
associated  with  diabetes. 

Anaemia. 

The  term  "anaemia"  has  no  very  definite  connotation.  As  gener- 
ally employed,  it  includes  all  diseases  of  the  blood  which  are  charac- 
terized by  a  deficiency  in  the  number  of  tin?  corpuscles  or  a  diminu- 
tion in  the  total  percentage  of  lucmoglohin.  Other  terms  with  a  more 
precise  significance  are  sometimes  used.  Thus  a  diminution  in  the 
number  of  red  corpuscles  is  known  as  oHywythtrmia  or  ar/lobuliitm,  and 
a  deficiency  in  the  haemoglobin  as  avhroinatmi*.  These  results  may  l>e 
produced  in  many  diseases  (mumdary  aiurinia\  Thus,  amentia  is 
common  during  convalescence  from  acute  fevers  and  after  seven1 
hemorrhages.     It  is  an  invariable  attendant  in  Bright'*  disease,  lead- 
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poisoning,  and  many  chronic  exhausting  Illnesses.     It 

Itfl  origin  to  defioiefidea  in   the   food,  or  to  conditions  which  prodnca 

the  same  practical  result— stricture  of  the  oesophagus  ores*  tin-  : 

Id  cases  due   to  these   causes   the   number  of  nil  ourpusclet  is 

reduced,  while  the  leucocytes  may  be  cither  slightly  diuiinishid  »*• 

slightly  increased.     Xi.it  only  is  the   total   percentage,  of  hicmnri»i*isa 

below  the  average,  but  the   amount  ttained  in  eac£  o 

than  normal-      Ameuiia  following  acute    (Wen  or   hemorrhage 
disappears  :  the  exact  rate  of  disappearance  varice  with  the  naturr 
severity  of  the  disease,  the  recuperative  power  of  the  , 
general  conditions  of  mnvnlmnrnon 

To  two  varieties  of  primary  anaemia  special  reference  must  be 
these  are  (1)  VHItir<i*ix,  and  (2)  ftnuototu  Amfmin. 

1.  Chlorosis. — Chlorosis  is  mainly  a  disease  of  girl*  and 
wi.men.  I(  takes  its  name  from  the  effects  of  it-  most  marked  ftatare, 
the  pallor  due  to  the  deficiency  of  hrnnogfobin.  Tbtt  is  -<i  jrn-at  iliatthr 
Kkin  and  mucous  membranes  of  the  patient  often  assume  a  w  piV 
greenish  tinge.  In  extreme  cases  the  hemoglobin  may  fall  to  one-etgb» 
of  its  full  amount,  and  in  must  it  is  less  than  a  third.  The  fall  in  r*d  nt- 
ptuehm,  though  considerable,  is  by  no  means  parallel,  lit  mild  ram  tar? 
mav  average  3,500,000  to  the  cubic  millimetre, and  they  whlmi  fall  W"t 
2,000,000.  The  corpuscle*  are,  on  the  whole,  dbrtroodj  ^mallertha 
usual,  Some  of  them  are  very  small,  ranging  down  to  3  p  in  dim*** 
(inkvoci/ti-*)  ;  a  few  are  large,  with  u  diameter  up  to  12  ft  (warrontay, 
while  others  with  an  irregular  outline  are  occasionally  found  (f*»kii* 
tyle»).  The  specific  grant]/  of  the  blood  may  *  1 « 1 1  ten  to  twenty  dqpm. 
owing  to  the  corpusr-uhir  ib  tV-.-ts.  |i>r  the  detisin 
unchanged.  Some  authorities  maintain  that  the  total  (juaotily  i/  ni 
corpuscles  is  normal  in  chlorosis,  hut  that  ibe  Mood  is  inen*-*d  is 
quantity  by  execs-  of  fluid  plasma,  ?<•  that  leas  oorpaaola  are  aw 
tained  in  a  measured  volume  than  in  the  case  of  norma]  blood.  I» 
some  few  eases,  when' death  has  occurred,  tin  bean  and  large  artm> 
have  been  found  unusually  small.  <  Ithcr  morbid  eonditMns,  «-o»wbn 
to  the  changes  in  the  blood,  may  coexist.  Among  these  are  dyieaas 
and  the  occasional  dejtosit  of  subcutaneous  fat,  l-'ili  resulting  from  tat 
deficient  oxygen-carrying  power  of  the  blood  ;  slight  nxlcma,  pri*aU? 
from  defective  nutrition  of  the  vessel  walls  ;  and  vai  : 
signs  due  to  the  defective  action  of  the  walls  of  the 
ish.il  heart  anil  large  vessels,  combined,  according  ti 
with  the  lowered  specific  gravity  of  the  blond.  Then'  is  a  Icndnaw  W 
the  occurrence  of  venous  dirombosis,  and  in  severe  casea  optic  atrophy 
may  oooor. 

Pathology. — No  explanation  of   the  change*   in    the  Mond  ha*  J* 
been  generally  accepted,  though  mtuiv  have  lieetl  aigggatod.      It  b  way 
generally  believed   that   chlorosis    i-    ■  1 1 ■  i ■    t . .   dHo-i  ■. 
(formooriiiHi*),  and    not    to    inerca.-iil   Mood-de-l ruction  (htrmalfm*).  f" 
the    evidences  of   the    latter,    which    are    readily    found    En    iirnuasw 
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anaemia,  are  absent  in  chlorosis.  Virchow  first  drew  attention  to  the 
small  size  of  the  heart  and  large  arteries,  and  attributed  it  to  defective 
development.  He  regarded  the  disease  as  the  expression  of  an  inability 
of  the  blood-forming  organs  to  meet  the  demands  made  upon  them 
during  a  |>eriod  of  rapid  development — a  disease  especially  liable, 
therefore,  to  occur  in  those  in  whom  these  parte  are  congenitally  defec- 
tive. The  great  frequency  of  the  disease,  its  practical  limitation  to 
one  sex,  and  its  ready  curability  point,  however,  to  a  more  transient 
and  less  organic  causation. 

It  is  unquestionable  that  gastralgia,  gastric  catarrh,  gastric  ulcer, 
constipation,  defective  hygienic  siirrouudings,  and  irregular  habits  are 
frequently  associated  with  the  condition  ;  and  that  in  many  examples 
of  the  disease  the  administration  of  iron  fails  to  effect  a  cure  until 
these  are  relieved.  On  the  other  hand,  it  is  no  less  certain  that  the 
relief  of  these  conditions  without  the  administration  of  the  iron  is 
ineffectual  as  a  cure,  and  that  an  adequate  diet  contains  an  appreciable 
amount  of  that  metal.  It  is  also  well  known  that  haemoglobin,  which 
contains  iron,  is  the  progenitor  of  pigments  containing  none ;  and  that 
the  amount  of  this  metal  normally  excreted  in  the  faeces  and  the  urine 
is  excessively  small,  and  is  not  appreciably  increased  in  anaemia.  It 
seems  reasonable  to  suppose  that  the  iron  thus  retained  within  the  body 
is  utilized  in  the  formation  of  haemoglobin ;  and  if,  therefore,  the 
haemoglobin  in  the  blood  is  deficient  it  would  seem  more  rational  to 
look  for  a  came  that  interfere*  irith  the  nyntheHW  of  haemoglobin  from  the 
accumulating  stock  of  iron,  rather  than  for  one  which  leads  to  any  loss 
in  the  total  amount  of  iron  contained  in  the  body.  Although  in  some 
cases  menorrhagia  precedes  the  onset  of  chlorosis,  this  sequence  is 
unusual,  and  the  loss  in  haemoglobin  is  generally  more  marked  in 
chlorosis  than  in  anaemia  due  to  hemorrhage. 

It  must  be  confessed  that  the  cause  of  the  defective  haemogenesis  is 
at  present  unknown.  By  some  it  is  attributed  to  a  deficiency  of  iron- 
containing  foods,  combined  with  an  increased  loss  of  iron  due  to  the 
recurrent  hemorrhages  occurring  in  menstruation  (Stockman)  ;  by  others, 
to  intestinal  deconi|x>sitions  interfering  with  the  absorption  of  iron 
(Bunge,  Landwater) ;  and  by  others,  again,  to  some  error  in  the 
internal  secretion  of  the  ovary  (Van  Noorden,  Arcangeli). 

2.  Pernicious  Anaemia. — Pernicious  anaemia  differs  from  chlorosis 
in  many  important  particulars.  It  occurs  in  older  persons  and  in  males, 
and  is,  moreover,  generally  fatal.  Sometimes  the  disease  seems  to  fol- 
low severe  hemorrhage  after  childbirth  or  any  of  the  ordinary  ante- 
cedents of  anaemia  already  mentioned.  More  often  it  has  no  obvious 
cause. 

The  blood  in  pernicious  anaemia  is  very  different  from  that  in 
chlorosis.  It  differs  from  it  in  three  important  jwrticulars :  (1)  The 
most  marked  feature  in  pernicious  anaemia  is  the  diminution  in  the 
number  of  red  corpusckn.  Thus,  although  the  total  amount  of  haemo- 
globin is  invariably  diminished,  yet  the  amount  contained  in  each  cor- 
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puaole  may  even  1»'  in  excess  of  tbe  normal.     A   full  En  the. 
of  ml  oorptuolfla  to  1,000,000  in  tbe  cubic  millimetre  is  no) 

,,„,.„„  moti,   an.l    blood    with    .-itlv    143^000 

been    described.      (2) 
moat   characteristic   difii a 
^H       #  »  frequency'  of  eAanga  m 

47  ^  |     ^  W        titr  of  the  atrpuseh*.     ft  :. 

are   found,   as    veil    n 
enormous     nucleated     n-i     i 
(20  /i  iii:i.)   known    as 
(Fig.  -J4!i).      According  i 
Lbe    ttucroeytea   an   no)    only  mm-h 

"e  in rotu  ili:ni  iii  ejbloraa,  hri 

have  a  very  ■■Imnieterisiii    ■ 
They    are    spherical,    tiraoular,  mi 
highly    pigmented.     PoHtflocyftw  ■ 
mi    almost   constant    phenomenon.      The   camber  of  leaoa 
of  l>]<MMl-plateIcts  w  somewhat  diminished,  tbe  tendency  i<>  il*  ''*■ 
mat  ion  of  rouleaux  is  lew*  marked,  and  the  ooagulatiiHr^pM 
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blood  is  feebler.  Grannies,  supposiil  to  represent  the  •  li-int.ymn' 
nf  red  corpuscles,  :ire  sometimes  found.  ('■',)  Thr  total  quantity  »i  U-J 
in  nun-Milt  fliminiitftefl.  At  n  post- mortem  examination  tbe  vrse&ut 
almost  empty.     If  this  fact  lie  considered  in  connection  with  the  nr*- 


rentage  fall  in  red  corpuscles  and  the  slightly  diminished  specific 
gravity  of  the  blood-serum  (1026),  some  idea  can  be  formed  of  the 
enormous  extent  of  the  change,  so  far  as  the  blood  ia  concerned. 

The  marrow  of  the  long  bones  is  generally  red  and  contains  less  fat 
tlian  normal.  Large  numbers  of  megaloblaste  arc  found,  and  there  is 
also  an  increase  of  normoblasts,  and  often  of  luicrocytes.  (Figs-  250, 
251).  The  red  marrow  contains  pigment  giving  the  iron  reaction  (see 
below).     The  finer  bony  trabecular  may  become  absorbed. 

The  changes  in  the  liver  are  of  considerable  importance.  In  the 
centre  of  the  lobule  there  may  be  an  excess  of  pigmeid,  and,  in  the 
peripheral  zone,  of  (Von,  so  loosely  combined  with  organic  matter  that 
a  distinct  blue  coloration  can  be  obtained  on  treating  sections  of  the 
organ  with  ferrocyanide  of  potassium  and  dilute  hydrochloric  acid. 
Fio.  251. 


.  Same  marrow  aa  In  Fix.  250,  but  hardened  In  Mailer's  fluid  and  mt  In 
celloidin.  Some  lulMna-n  flu-vmlelei  urc  ihh,  with  the  intem-Dlng  cnplllariee  much 
dilated.  Thetemtitaln  nurnnibla»t»  ulth  rowttvd  nuclei.  Thn.nmlli-stcellsareniicrocyte*; 
thoaeof  Intermediate  -lie  are  granular,  look  In*  red  corpuscles.    (Molt.) 

The  cells  in  the  immediate  neighborhood  of  the  intralobular  veins  are 
occasionally  fotty. 

The  heart  and  smaller  bloodvessels,  and  occasionally  the  intima  of 
the  large  arteries,  show  extensive  fatty  changes,  from  which  the  skele- 
tal muscles  are  practically  free.  The  changes  in  the  heart  arc  particu- 
larly well  marked.  In  the  left  ventricle  the  fatty  areas  are  so  distinct 
that  the  terms  "thrush-breast"  and  "tabby-cat"  have  been  used  to 
denote  the  mottled  appearance  produced.  The  subcutaneous  fat  is  very 
generally  increased.  The  akin  acquires  a  faint  yellowish  or  "  old-wax  " 
color,  suggestive  of  slight  jaundice.  Small  hemorrhage*  are  common 
in  many  parte.  Flame-shaped  hemorrhages  in  the  retina,  clustered 
round  the  disk,  arc  particularly  frequent  and  are  an  important  aid  to 
diagnosis.     Exacerbations  are  accompanied   by  fever.     The  urine  is 
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generally  dark,  ami   nil  excessive  amount  "I'  urobilin   is   excreted.    Is 

tin*  spinal  cord  digi-tn  Ttttivi'  changes  haw  liecii  oli.-ci\- i  in   il,  ■  >> •-:.. 

and  luteml  column-,  as  well  as  peri-arteritia,  unci  hyaline  d 

spinal  capillaries. 

Pathology. — Besides  the  differences  above  mentioned,   v.;. 
be  held  to  distinguish    chlorosis  from   pernicious    ftnssinit,  « 
evidence  is  gained  by  observing  the  efieote  of  the 
iron.      This  drug,  which  effects  a  ours  in  ehloro-i-,  is  generally  u»h» 
in  pernicious  ansemia. 

The  increa.se  of  iron  iu  the  liver  and  marrow,  and  of  urobilin  in  uV 
urine,  affords  evidcnee  that    the  disease  is  due  to  tin  i 
tion  of  red  blood-cells — hemolysis.     The  ehanges   in   the   m 
the  long  l«mes  ami  the  existence  of  nucleated  corpoades  in  the  blool 
afford  no  argument  against  tin-  view,  aa  they  might  l»  due 
physiological,  not  to  pathological,   hanuogeneaU,     This  c  \  plutmikin  i» 
the  more  probable,  a-  repeated   bleedings  of  animals 
effects.     A  condition  somewhat   similar  to  that    (band   in   da 
cases  of  pernicious  iiiueiuia  ins  Wen  produced  by  the  admhusb 

toluylcne  diamine.      This  discovery   le<l   to   the  suggest] liattbrd^ 

ease  is  due  to  the  absorption   of  toxic   products    Fran    '!<. 
Two  observers  Lave  described  special  organisms  in  the  blood,  bsjl  tlx-ir 
results  have  noi  yet   been  confirmed.     Hunter  has  fool 
in   the  stomach   in   several    eases  of  pernidons   antenna,  bin   H 
certain  that  these  were  not    merely  instances  of  "  terminal   in: 
Many  organisms,  however,  give  rise  t->  ti-xine-  which  have  a  dcMrarti" 
effect  upon  blood-CorjHlScles  (/•'.  Maui,  ttrejittipacci),  and  the  po 
of  an  infective  cause  for  thi-  disease  i-  worthy  of  carefoJ  inviMijt^tka. 
The  presence  of  the  Botbriooephalns   latus  In  the  intestine  tuav  iW 
be  accompanied  by  symptoms  of  pernicious  amemia,   wbidl  diwpp«r 
when  the  parasite  is  removed.     The  recent  discoveries  with  regard  to 
tin    process  of  haemolysis  have  not  as  yd   been   followed   by  any  new 
light  upon  the  causation  of  pernicious  amemia.     Borne  autborr§  dar> 

that  the  disease  i-  due  In  dc.-inti-lt.in  ..!'   1.1m.  J-i-"i|ni-  :  t 

it  to  defective  formation  of  blood  (Bloch,  HaFariandl 

The  changes  iu  the  spinal  con!  ha\  >■  U-i-n  mii'ilmi'  ■: 
tion  after  hemorrhage,  (2)  to  focal  myelitis   and    it-    ■ 
(he  cause   producing  the  amemia.      Attempts   to   produce  tiw  change* 
experimentally  have  failed. 

It    is  worthy  of  note  that  while   in    phosphorus-poisoning  the  fatty 
degeneration    is   almost  univer-al,  ill    |htiiii i 
nutrked  in  the  luiirl    than  elsewhere.      Muti    ha-   >n-.- 
the   feeling    of  languor,  so  characteristic   of    I  he   disease,  Impimn*  rwt 
ujHin    tin     skeletal     muscles,    the    deficient    quantity    and    diminwhnl 
oxygenating  capacity  of  the  Mood   neeessitate  increased   wcA  • 


part 


..I'  lit.     Ii.-arr.       Tin-    halai 


ork    and    repair    in    ihr   ■ 


cannot,  therefore,  be  maintained,  and   degeneration  ensues)  U>i| 
extent  than  elsewhere. 


Leucocythaemia. 

Leucocythiemia,  or  leueha-mia,  is  a  disease  characterized  by  a  con- 
-id.mtilc  increase  in  tlie  number  of  white  corpuscles  in  the  blood,  by  a 
diminution  in  that  of  the  red  corpuscles,  and  by  changes  in  the  spleen, 
lymphatic  glands,  bone-marrow  and  other  organs. 

Leucocytosig. — Id  some  conditions  a  slight  increase  in  the  number 
of  white  corpuscles  Occurs  without  any  other  change,  and  is  termed 
"  leueney  tosis."  This  differs  from  leueoeyt  hernia  in  that  the  increase 
iu  white  corpuscles  is  limited  to  the  multinucleated  leucocytes  (figs. 
101)  and  '248),  and  is  unattended  by  ameruiu  or  any  of  the  other 
changes  characteristic  of  leucoeytluemia.  I*iicoeytosis  occurs,  physio- 
logically, after  a  meal,  and  iu  the  later  months  of  pregnancy.  Id 
■epttceemia  and  pyaemia,  and  in  most  ot*  the  acute  infectious  diseases, 
there  is  a  marked  increase  of  white  corpuscles.  This  increase  is 
probably  beneficial,  since,  as  was  previously  mentioned,  leucocytes 
Contain  the  ale\ines  necessary  for  the  destruction  of  bacteria.  Thus 
in  aoota  pneumonia  the  prospect  of  recovery  is  smaller  if  leucneytosis 
is  not  present.  It  is  noteworthy  that  iu  tubercular  affections  the 
leneoevtea  found  in  serous  effusions  are  chiefly  of  the  uninuclear 
variety,  and    in    the  early   stages   of  small-pox    there  is  a   uninuclear 

Icucocy tosis  in  the  blood.     It  would  appeal  that  different  toxines  give 

rise    m  an    increase  of  different    varieties    of  leucocytes.      After   large 

In----  of  blood  there  is  also  some  degree  of  lencocy tosis. 

(  toes  of  lencocTthsemia  may  generally  Iu*  grouped  into  one  of  two 

varieties — tin:  gpfato-medullary  and   \he  lymphatic.     (1)  In  the  spleno- 

medullary  form  (my,-!<>ryl!ur,nia)  the  enlargement  of  the  spleen   is  very 

marked,    while   the  lymphatic   glands  are 

but    little   affected.      The  changes    in    the 

blood-  which   will  In'  presently  described, 

are  also  more  or  less    characteristic.      (2) 

The    lymphatic    firm   (/ympfinrythu-mw)   is 

anally  characterized  by  an  enlargement  of 

the  lymphatic   glands   and    by  the   large 

number  of  Ivniphocvtcs  hi  the  blood. 

_.-         .  r'n  •  "  .         .1  t  ^        Wo™  JIU 

Blood. —  Ihe  increase  in  the  number  ot  (UQnuine<l).    ■  joo. 

white    corpuscles    varies    considerably    in 

different  cases.  A  proportion  of  one  white  to  ten  red  is  quite  common, 
and  often  there  are  as  many  as  one  to  three  (Fig.  252).  In  the  course 
of  the  disease  the  proportion  may  for  a  time  fall  to  normal.  The 
■  i  leucocytes  gives  to  the  blood  a  paler  and  more  opaque 
appearance  than   natural    (Itwhama.) 

In  the  apleno-nuduflnry  form  the  excess  of  white  corpuscles  is 
found  to  be  made  up  of  the  following  varieties  of  cells:  (1)  Large 
immiieli'atcd  neutrophil  cells  resembling  marrow-cells  (myelocyte*); 
(2)  large  uninucleated  eoslnophile  cells  ;  and,  to  a  less  extent,  (.'J)  ordi- 
nary so-called  multinucleated  leucocytes,  and  (4)  leucocytes  with 
course    granules    staining   deeply    with    methylene   blue   (Fig.    253). 
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Nucleated  red  corpuscle-,  suggestive  of  norinobuBb, 
considerable  numbers;  and,  according  to  Mnir,  tbe  blood-pl 
inorewed.     En  tbe  lymphatic  form  theexceeaof  white  oorpaaetei 
almost  Woolly  of  lymphocytes. 

It  is  often  stated  ilmt  in  leucocythnmni  the  new  i 
no  movements  when  examined  on  the  warm  Btage.     The  i 
of  this  is,  that  the  targe  majority  of  the  new  cells  are  art 
under  any  circumstances,  possess  the  power  of   an 
Those  leucocytes  which  show  amoeboid   movements  in  health  da  mi 
liiil   t<i   exhibit   them   in   leucocvlluvmia. 
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R1.mi1  from  put  of  »plrmi-m™lnll»ry  tturorylhiKialft.  o.  i.urWu-l  re.1  ™rpu»l«  *.<■« 
nmnulm  •onlwipblte  leunucyt** ,  ■ .  fliirly  «nmul»r  mul[inucU«l«t  Iraeocrta-.  <  =j 
cytm;  r.  Iyui[.li.i< Q  ir-\  .1.  ltd  i-oi-|.it.i-li->.      ■    HM 

Tin-  nil  corpuscles  may  !»■  reduced  to  :i  half  or  to  a  o/mrtcrei 
normal  number.  They  are  usually  normal  in  appear 
)»>rli  in  size  and  shape.  Small,  slender,  colorless,  octohcdrnl  cry. 
containing  phosphoric  acid  have  been  discovered  in  the  blend,  li 
and  spleen  (Charcot's  crystal-).  Tbe  coagulating  power  of  thr  1.' 
in  Iciicucythieiiiia  is  much  diminished  ;  and  when  this  liquid  i-  llai 
in  stand,  the  white  corpuscles  form  a  ereamy  layer  upon  it*  *urt 
There  is  also  <i  mtirkctl  truilrnri)  tn  hrmmrhayt  into  the  viscera  awl, 
ntanantly,  from  tbe  n u  membranes. 

Spleen. — Tbis  organ  i-  symmctrindly  enlarged,  often  t*»  an  ei 
niLiis   extent.      Tbe   capsule    is    irregularly    thickened, 
he  adhesions  to  the  adjacent  viscera.     In  all  chronic 
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sistence  of  the  spleen  is  firmer  than  normal,  owing  to  an  increased  thick- 
ness of  the  reticulum.  The  organ  is  closely  packed  with  cells  similar 
to  those  found  in  the  blood,  and  the  Malpighian  corpuscles  are  generally 
indistinct :  very  rarely  they  may  form  prominent  growths.  Except  for 
infarctions,  which  are  common,  and  may  he  seen  in  all  stages  and  varie- 
ties (p.  219),  the  cut  section  is  generally  of  a  uniform  reddish  color. 
Phlebitis  of  the  splenic  vein  with  leucocytic  emboli  in  the  liver  has 
been  found. 

Lymphatic  Glands. — Enlargement  of  the  lymphatic  glands  is  uncom- 
mon in  splenomedullury  leucocyth^mia.  In  the  lymphatic  form  they 
are  generally  much  enlarged.     Their  consistence  is  usually  normal,  and 

Fin.  254. 


Lobule  of  the  liver  from  ■  caae  of  ipluionwdDlUr*  l*uti«>  tlutnila.  «,  a\  u",  mane*  of  leuoo- 
eytea  In  the  Interlobular  region :  b.  Intralobular  vein.  There  la  also  au  exciraa  of  lenrocytea 
between  the  raw*  of  fatty  liver-cell*,    x  DO. 

they  are  freely  movable.  On  section,  hemorrhagic  areas  are  often  to  he 
seen.  Microscopically  the  enlargement  of  the  glands  is  found  to  be  due 
to  an  accumulation  of  leucocytes. 

Bone-marrow. — This  is  of  a  uniform  pile  pink  color.  Microscop- 
ically, there  is  no  characteristic  change,  all  the  constituents  found  in 
leticocythjemta  being  sometimes  found  in  other  conditions.  In  the 
lymphatic  variety  lymphocytes  are  abundant  (Muir). 

Generally  speaking,  lymphoid  tissue  in  any  jwrt — e.g.,  the  follicles 
of  the  intestine — may  be  found  increased,  while  any  organ  may  contain 
foci  of  leucocytes  (Fig-  254)  or  evidence  of  local  hemorrhage. 


lint 

s 


14  DISEASES  OF  SPECIAL  TISSUES  ASD  QBQAWS 

Recent  chemical  observations  on  the  metabolic  changee  Moon 

leucocy  tluctn  ia  point  to  ;m  increase  of  xantbin  base*  in  (he  N>-»1. 
of  tlie  changes  described  are  explicable  on  the  theory  of  the  unit 
of  an  unusually  large  number  of  leucocytes.      There  i-  often  mull 
uiii'  odd  in  the  urine,  due  to  the  same  cause. 

Lymphatic  letioocytluemia  generally  rims  ■  more  raga 
thespleno-utedullary  form,aud  this  variety,  like  acute  11. 
may  prove  fetal   in   less  than  two  unnidis,  while  the  apleno 
form  may  take  more  than  two  years  to  reach  a  fatal  NfffillBtfifln, 

Pathology. — The  pathology  of  leiieocy tliteinia  is  still  0 
highly  probable  that  the  inereaae  in  the  number  of  whit 
due  to  excessive  formation  of  these  cells.     Those  present  in  the  s)Ji 
medullary  forms  are,  under  normal   conditions,  f "■  ■  n i n  L  | 
and  the  lymphocytes,  oceiirring  in  the  lymphatic  farm,  may  bl 
from    the  lymphatic  organs.      In   thifl  form  of  the  fljif  W  (he  mirmil 
bone-marrow  is  often  replaced  by  lymphoid  tissue,  which  in  rj 

tine  i ther  source  of  these  eella.     The  other  phenomena  of  ihedneu* 

may  be  accounted  for  by  the  accumulation  of  theoelli  thus  All 
different  organs  of  the  body,  and   by  their  con»eipiently  iucreaMd  d»- 
integratinn.      The   anatmia    may  be    due   to    tin-    UttTieri  -n.  a 
Donnal    blood-forming    functions  of    the  bone-marrow.      Aottt 
this  view,  the  enlargement  of  the  spleen  u  a  secondary  iim.li. 
ilijHiids,  ati-onling  to  Muir,  jmrlly  upon  its  passive  distention  widi  tin 
new  eells,  and  partly — assuming  that  leucocytes  normally  nma 
Integration  in  this  organ — on  (he  increased  efibrta  made  bj  : 
to  deal  with  the  abnormal  supply  of  leucocytes. 

The  cause  of  the  increased  proliferation  is  altogeti  i 
conjecture.     Many  observers  have  searched  fur  parasitee,  but  none  hat 
Ik-cii  definitely  associated  with  the  disease.     There  is,  however,  an  <**> 
mis  analogy,  especially  in  the  ea.se  of  the  lymphatic  Ibm,  with  <«u\oaa 

and  die  peculiar  form  of  sarcoma  called  chlor a  is  apparent!] 

(n  leucocytbiBmia.  In  Imth  there  is  a  purposeless  growth  ■  >i'ivlU,  wait 
in  leuoocythaunia  are  itinerant,  and  in  sarcoma  stationary,  [t  t-  pa> 
sible  to  explain,  nu  tliis  analogy,  the  accumulation  of  the  ceils  ia  tbo* 
places  where  they  are  actually  found  in  h  m mrj thjnmil 

Splenic  Anaemia. 

This  term  is  applied  to  a  clinical  condition  <haraeUri*od  by  art*- 
gressive  amentia  of  the  chlorotic  type,  by  enlargemenl  of  the  spa**. 
fever,  and  by  a   marked   teudeney   to  slight  hemorrhage.     Tbm  * 

occasionally  slight  lympl ytosis,      Fibrosis  is  the  principal  change  ia 

tlw  spleen.      The  pathology  of  the  disease  is  (pjite  unknown. 

Purpura,  scurvy,  and  haemophilia  are  clinical  conditions  whieb,  towaw 
extent,  resemble  pernicious  amentia,  splenic  imicraia,  and  l<  lu'-cvthanaa 
in  the  teudeney  eaeh  iiis.ii-.r  allows  in  hemorrhage;  but  their  palhol>{? 
is  not  sufficiently  understood  to  justify  any  detailed  deaeripaloa  in  du% 
plat?*'. 
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VI.  DISEASES   OF   THE   HEART. 
Malformations. 

In  general  terms,  malformation  of  the  heart  comprises  the  following 
principal  defects— singly  or  in  combination  :  (1)  deficiencies  in  the  septa, 
(2)  dilatation  or  narrowing  of  the  pulmonary  and  aortic  orifices,  (:}}  re- 
dundancies "r  deficiencies  in  the  valves,  (4)  persistence  of  fetal  channels, 
and  (5)  transposition  of  the  arterial  trunks  and  other  pan-. 

The  ttejrta  may  altogether  fail  to  appear,  or  their  formation  may  be 
■netted  at  any  stage  of  their  development  The  attire  nbnence  of  any 
one  of  these  septa  produces  the  earliest  forms  of  malformation.  In  this 
way  there  may  be  produced  a  heart  with  a  single  auricle,  a  single  ventricle, 
and  a  single  arterial  channel,  supplying  both  systemic  and  pulmonary 
circulations,  as  in  fish,  if  the  defect  is  less  extensive,  a  heart  with  two 
nnricles,  bnt  with  a  single  ventricle  and  a  single  artery,  may  result,  as  in 
the  frog.  These  and  other  corresponding  varieties  are  rare.  In  all  of 
them  extra-uterine  life  is  only  possible  for  a  few  days.  Incomplete  for- 
mation of  septa  is,  however,  a  more  frequent  malformation.  In  this 
way  many  forms  of  persistent  channels,  connecting  the  two  sides  of  the 
heart,  may  result. 

In  one  of  the  < imonest  varieties  of  malformed  heart  the  orifice  of 

the  pulmonary  artery  i"  much  narrowed  and  that  of  the  aorta  correspond- 
ingly enlarged,  while  the  upper  part  of  the  interventricular  septum  (the 
last  part  to  Ih'  developed)  is  absent.  The  aorta  may  subtend  both 
Ventricles,  and  the  wall  of  the  right  ventricle  will  then  attain  the  same 
thickness  a-  that  of  the  left.  In  these  cases  the  ductus  arteriosus  is 
generally  patent,  and  so,  not  infrequently,  is  the  foramen  ovale.  In 
most  instances,  the  narrowing  of  the  pulmonary  artery  seems  to  be  the 
primary  defect,  the  rest  naturally  following  from  the  interference  with 
die  normal  course  of  the  fietal  circulation  ;  for  the  blood  from  the  right 
ventricle  being  unable  to  pass  through  the  pulmonary  orifice  and  ductus 
arteriosus  into  the  sy-teiuic  circulation,  is  driven  over  the  Upper  edge  of 
the  incomplete  septum  and  there  meets  that  coming  from  the  left  ven- 
tricle, passing  upward  with  it  into  the  aorta.  After  birth  the  aorta 
supplies  the  pulmonary  artery  by  way  of  the  ductus  arteriosus. 

StcDoau  or  ubienir  of  (lie  aortic  orifice  is  less  common.  When  either 
of  these  occurs,  both  foramen  ovale  and  ductus  arteriosus  are  usually 
patent,  while  the  left  ventricle  atrophies. 

The  vaha  may  be  excessive  or  defective  in  number  and  in  size,  but 
[he-e  .liauges  need  not  seriously  interfere  with  the  action  of  the  heart. 

/',  isisteiiM  of  thr  foramen  ora/r  <nnl  of  the  ductus  artei-ionwt,  although 
generally  associated  with  the  delects  bcibre  mentioned,  may  occur  alone, 
without  leading  to  any  further  pathological  change. 

In  the  majority  of  cases  the  arrest  of  the  normal  development  of 
the  heart  seems  to  depend  primarily  upon  some  inherent  embryonic 
defeat,  and,  only  in  exceptional  cases,  upon  fietal  endocarditis  or  other 
:ii  disease. 
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Results. — Malformations  of  ilir  heart  <1"  hot   nee** 
in  secondary  changes,  especially  it"  limited  to  some  slight  defect, 
h  :i  patent  foramen  ovale  or  persistent  ductus  trtertoetie,or  booh 
nudity  in   the  number  of  segments  in  a  valve — none  ■ 
cause  any  appreciable  impairment  of  the  circulation.     It",  bow4tw,dj 
mallormatinu  i>  sufficiently  severe  to  affect  the  normal  •■ril<  i 
eolation    without    rendering   life  impossible,  two   phenomena 
occur i   (1)  cyanosis,  constant  or  intermittent;  ami  (8)  a  !i!yl>  r\*nv 
/rarity  of  the  blood,  due  to  an  increased  proportion  of  it-  red  < 

(1)  The  cyanosis  has  l>een  attributed    to   the  adnitxten  of  arii-rsl 
and  venous  blind  ;  but  this  explanation  appears  inadeqnab 

lure,  ;is   ill    the  east'  of  a   single  ventricle,  may,  however,  etfM  witWl 
cyanosis  ;  ami,  conversely,  eyanosi.-  without  admixture.     Mori 
iu  those  cases  in  which  the  right  ventricle  is  most  hyjiertrool-n 
cyanosis  is  most  marked.     With  more  reason,  therefbn 
attributed  to  defective  iteration  of  the  blood  and  to  passive (w 
nation).     The  deficient  aeration  may  depend  on  structural  alk-ratiio- 
(stenosis  of  pulmonary  artery  with  incomplete  interventricular  fejKuini 
whereby  the  amouut  of  blood  passing  through  thclimgt 
Bon  may  Ik-  sutlicicnt  to  meet  the  ordinary  requirements,  but  iti-ntli. 
to  meet  any  slightly  increased  demands.      In  the  same  way  the 
congestion  ia  mainly  due  to  the  partial  exhaustion  of  the  Darnel 
power  of  the  heart,  this  having  Ih-cu  already  largely  used  Up  En  oMpa> 
sating  for  the  structural  defects,  and  t<>  the  consequent  inabil 
organ  to  meet  any  further  demand.     Blueness  of  the  skin  ami  bwbM 
membranes  and  clubbing  of  the  fingers  are  tlie  chief  result-  of  the  renew 
congestion. 

(2)  The  concentration  of  the  hUmd,  us  shown  in  the  huge 
of  red  corpuscles  und  increased  percentage  of  hemoglobin,  ha*  U*n 
attributed  to  the  persistence  of  a  condition  obtaining  in  late  fietal  !ifr, 
when  the  specific  gravity  of  the  blond  is  also  abnormally  high.  QSk 
suggests  that  the  corpuscular  cm-is-  i-  doc  m  the  diminiahed  wen 
tear,  and  the  consequently  longer  life,  of  the  individual  oarpoadea, 
tliis  view  has  not  yet  met  with  genera]  acceptance. 


Hypertrophy. 


Tar  tnl 
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Hypertrophy  of  the  heart  has  been  already  referred  t<-  (p.  'i"i>. 
its  varieties  are  of  sufficient  importance  toraerit  a  more  d 
It  must  he  recognized  that   hypertrophy  of  the  heart 
disease,  but   that  it  takes  place  in  response  to  altered  condition*  in  the 
circulation,  which  the  heart  can  only  overcome  by  increased 
■  i.nt  met  ion.      It   is  therefore  of  the  nature  of  an  attempt   In 
deleft  elsewhere,  and  is  beneficial,  not  the  reverse.      It  ■  DB 
logical  as  lieing  a  dejiarture  from  the  normal  condition. 

The  whole  heart  may  be  uniformly  affected,  or  the.  aol 
be  mainly  confine!  to  one  of  the  two  ventricles. 
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Uniform  hypertrophy  of  the  whole  organ  is  a  common  result  of 
;nt  pericardium.  By  this  change  the  eliding  action  of  the  heart 
rfiTiil  with,  and  the  work  thrown  upon  its  muscular  walls  pro- 
natrly  moreaoed.  A  heart  thus  enlarged  may  weigh  from  twelve 
-ty  ounces — even  after  the  parietal  layer  of  the  pericardium  has 
lissected  oft'.  The  normal  shape  of  the  heart  is  preserved,  hut  its 
il  dimensions — both  external  and  internal — and  the  thickness  of 
lis  are  alike  increased, 

rophy  of  the  left  ventricle  follows  any  changes  that  give 


i  obstruction  at  the  aortic  orifice,  or  permit  regurgitation  from  the 

Il  aha  follows  obstruction   in   the  arterioles  such  as  occurs  i 
wrapillnry  fibrosis  (granular  contracted  kidney).     The  weight  of 


gun  frequently  exceeds  twenty  ounces.  In  shape  it  is  elongated  ; 
ptuni,  and  therefore  the  left  coronary  artery,  is  displaced  to  the 
nt'  it-   usual   position   on   the  nnterinr  surface  (Fig.  255).     On 
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examining  a  vertical  section  the  apex  is  seen  to  lie  (united  entwlvby 
the  wall  of  the  left  ventricle,  and  the  walls  of  rlii-  cm  tt v  an*  uW 
selves  thickened  (Fig.  257). 

3,  Hypertrophy  of  the  right  ventricle  fbllowi  an}  ofamgai  in  tl* 
mitral  orifice,  or  in  the  lungs,  which  hinder  the  IwilWgn  id 
from  the  right  ventricle  to  tin  systemic  circulation  and  thus  impawttl- 
ditional  work  on  the  right  side  of  the  heart.  Krnpbyscma  of  the  sop 
and  incompetence  of  the  mitral  valves  are  its  principal  catMe.  Tl» 
heart  is  quadrilateral,  and  its  anterior  surface  consists, 
the  wall  of  the  right  ventricle  (Fig.  2">ti).     On  section,  l»>ih  ventrirk 


are  found  to  take  about  an  equal  j-hnre  in  the  formation  of  the  apex  uf  nV 
organ,  while  the  usual  dirl'cronce  U'tween  the  thickness  nf  the  wall*  is 
much  diminished  (Fig.  258).  Except  in  eases  of  congenital  di»*sst. 
the  thickness  of  the  right  ventricle  never  reaches  thai  i.f  UV  left. 
These  distinctions  arc  well  shown  in  the  accompanying  illu'iratiiio*. 

Pericarditis. 

The  irritant  causing  pericarditis — in  most  cases  unknown — n»nV- 
the  pericanliuni,  as  in  inflammation  <>(  the  other  serous  membranes,  I* 
way  of  the  blood  voxels  or  by  direct  extension  from  the  nrighiurisff 
i'  >;■'  .  In  those  cases  in  which  organisms  have  been  found  awocimn 
with  pericarditis  they  have  been  the  same  a.-*  those  found  in  ea*i 
carditis — most  commonly  streptococci,  pneuroocoocf,  ami 
In  some  cases,  oeeiirriug  in   Bright-  disease,  no   mi  I 
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l>e  found :  it  is  possible  that  toxin  es  alone  may  give  rise  to  the  inflam- 
mation in  these  instances. 

The  inflammatory  exudation  (p.  430)  is  accompanied  by  au  exten- 


loiin  pericarditis  of  two  weeks1  duration,    o.  parietal  pericardium  with  artery  and  vein ; 

edge  W> ;  r,  fibrinous  mi'»h  work :  it,  organizing  li 
ilium  It) ;  J,  muscular  wall  of  heart  with  nuljtierica 

nn  the  vlaceral  side,    v  6. 

sivc  destruction  of  the  lining  endothelium,  and,  in  the  vast  majority  of 
cases,  is  of  a  serofibrinous  character.  A  fibrinous  layer  covers  both 
visceral  and  parietal  ]H>rieardium,  and  a  few  ounces  of  flaky  albuminous 
fluid  fill  the  intervening  cavity.  The  fibrinous  layer  varies  from  a  fine 
deposit,  just  concealing  the  natural  gloss  of  the  surface,  to  a  layer 
J-inch  thick,  or  a  rougli  shaggy  coat  (cur  vUIomun).  The  fluid  effusion 
may  in  some  cases  reach  a  large  amount,  and  considerably  distend  the 
pericardial  sac  :  in  some  instances  actual  pus  is  formed. 

The  subsidence  of  the  inflaiumatioii  is  followed  by  absorption  of 
the  fluid,  and  by  organization  of  sonic,  or  all,  of  the  fibrinous  layers 
(Fig.  259).  This  results  in  obliteration  of  a  proportionate  amount  of 
the  pericardial  cavity,  or  in  the  formation  of  fibrous  I  mi  lids  passing 
across  it. 

During  the  acute  stage  the  heart's  action  is  slightly  haui|iered 
(1)  by  the  friction  between  the  roughened  surfaces,  especially  of  the 
auricles  and  right  ventricle  ;  ('!)  by  the  pressure  of  any  marked  effusion 
of  fluid  ;  and  (3)  by  the  diminished  support  uttbnlcd  by  the  weakened 
pericardium.  There  is  also  usually  some  extension  of  the  inflamma- 
tion to  the  outer  layers  of  the  myocardium.     In  the  later  stages  the 
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action    is  also  impaired   by  (1)  the  presence  iod   dm 

adhesions  us  have  not  been  torn  asunder,  daring   the    u 

their  development,  by  the  movements  "I'  the   muscular  wi 

heart;  and  (2)  by  the  contraction  of  the  inflammatory  fibrin: 

the  visceral  pericardium   and    in   the  outer  layer*  of  the   niy<«niiwn 

itself.      The  impairment  is  generally  siiihVient  to  cause  unil<>rni  h?pa> 

trophy  <if  the  heart  (p.  447). 

On  the  surface  of  the  ]>erieardiiim   smooth,  white,  ■•  mill.  "  psfcifl 
arc  not  infrequently  observed.     In  a  few  cases  these  raplt— ul 
favorable    termination  of  an     eh!     acute    pericarditis;     hut    the  nft 
majority  are  most  probably  due  to  boom  source  nf  pp 

pericardium,  leading  to  < sideraltlr  I<«al  friction  between  '.'  ■ 

and  parietal  surfaces.     At  such  places  the  pericardium  beam 
ened  and,  therefore,  whiter  and  more  opaque. 

Endocarditis. 

Inflammation  of  the  Endocardium]  or  Endocard&u,  i-. 
part,  limited  to  the  mfees  of  the  heart,  although  it  uca-imtalU  innhfl 
the  adjacent  parts.     When  the  disease  occurs  aftn 
exclusively  confined  to  the  lift  side  of  the  heart,  and  dm-,  in  the  pm 
majority  of  cases,  commences  in,  and  seldom  extend*  beyond 
fines  of  the  mitral  and  of  the   aortic    valves   and   the  <•■  -rrespoodint 
orifices;  hut  when  it  arises  during  fatal  fife,  etnlocardJtig  i 
found  on  the  eight  side  and,  by  the  production  of  Leaioafl  ai 
fere  with  the   normal  development  of  the  heart,   U'r-.m,-  ■■■.\.  >■! 
causes  of  congenital  malformations  of  that  organ. 
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Those  portions  of  the   valves   which  normally   come   into  n*** 
and  are  thus  most  exposed  to   friction,  nr<'  those  in  which  the  RMllil 

changes  commence.      In  the  mitral  rvi/Vc — tin    ~«  ■ 

of  all — the  auricular  surface  of  the  segments,  at  a    little  di-tainx  fr* 


DISEASES  OF  THE  HEART.  451 

the  attachment  of  the  chorda;  tendinis,  is  first  involved  (Fig.  260). 
Id  the  aortic  valves  it  is  the  convex  or  ventricular  surface  of  the  seg- 
ments which  is  affected.  The  change  does  not  commence  at  the  free 
edge  of  the  segment,  but  along  the  little  band  of  tissue  which  pauses 
from  the  attached  border  to  the  Corpus  Arantii  in  the  centre  (Fig.  261). 

The  changes  themselves  may,  for  the  purposes  of  description,  be 
arranged  in  three  groups,  although  they  frequently  occur  together. 

(1)  Upon  the  surface  of  the  parts  already  indicated  are  found  a 
number  of  pale,  closely  aggregated  projections,  varying  from  a  band 
of  mere  specks  or  beads,  which  cannot  exert  any  appreciable  mechanical 
effect  on  the  heart's  action  (Fig.  261),  to  large  cauliflower-like  masses 
almost  completely  obstructing  the  affected  orifice  (Fig.  262).  These 
projections,  in  the  large  majority  of  cases,  consist  of  thickened  endo- 
cardium and  adherent,  and  often  organized,  blood-clots  (Fig.  263).  So 
smooth  is  the  surface  and  so  firm  is  the  thrombus  that,  to  superficial 
observation  or  until  a  section  is  made,  these  projections  or  vegetations 
appear  to  consist  entirely  of  localized  swellings  of  the  endocardium. 
But  when  death  occurs  at  a  very  early  stage  there  may  be  no  thicken- 
ing of  the  endocardium  at  all,   nor  any  redness — nothing  but  small 


The  drawing 
■  long  vexfUtif.il  on  nnr  of  the 
•egruenUor the  aortic  valve,  which  hy  con- 
tact with  Ihe  endocardium  below  has  pro- 
duced numeroua  inflammatory  granule 


te  endocarditis  A  granulation  from  the 
mitral  valve,  allowing  a  flbrlnoui  coagn- 
luro  upon  the  surface  of  the  granulation  (d). 

■  10.     (RiiidHplBch.l 


areas  of  necrosed  endocardium,  each  covered  with  a  smooth,   firmly 
adherent  thrombus. 

(2)  The  affected  valves  and  their  attachments  may  be  much  thick- 
ened throughout,  and,  at  places,  coherent  and  even  calcified.  In  this 
way  the  mitral  orifice  may  be  reduced  to  a  rigid  funnel  or  buttonhole 
slit  (Fig.  264),  and  the  aortic  valves  may  so  lose  there  elasticity  that 
they  stand  out  into  the  lumen  of  the  aorta,  neither  tailing  back  during 
systole  nor  completely  closing  the  orifice  during  diastole  (Fig.  265). 
Thus  the  passage  of  blood  through  the  orifices  may  lie  seriously  inter- 
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_  (3)  L^as  frequently,  und  combined  with  the  other  changes,  ulcers  and 
minute  abscesses  may  be  found  penetrating  into  the  deeper  layers  of  the 
endocardium  and  even  involving  the  myocardium  beneath.  Portions 
of  the  valves  may  be  wholly  destroyed  and  disappear,  while  the  super- 
jacent and  loosely  adherent  thrombi,  lwing  easily  detached,  broken  up, 
and  carried  on  by  the  circulating  blood,  may  give  rise  to  multiple 
embolism  of  the  brain,  spleen,  kidnev,  skin,  and  other  parts  (Fie. 
2G6). 


thet 


Pntholof/t/. — The  cause  of  endocarditis  is  an  irritant  circulating  in 
blood.     In  many  cases  this  i*  known  to  be  an  organism.     Organ- 


riceiatlre  endocardltlH. 
(c  f,  &);  b,  V,  ulcei 
thrombi.    Reduced  '.;. 

isms  have  not  only  been  found  and  cultivated  from  the  lesions,  but  it 
has  also  been  shown  ex|M>rinu>ntully  that  the  Staphylococcus  pyogenes 
aureus,  the  Streptococcus  pyogenes,  the  DipWwus  pneumonia;,  and 
the  gonococcus  are  all  cajmble,  when  injected  into  the  circulation,  of 
producing  endocarditis.  This  probability  is  greatly  increased  when 
small  solid  particles  are  simultaneously  introduced,  or  when  the  valves 
arc  in  any  way  previously  damaged.  Other  organisms,  such  us  the 
Bacillus  tuberculosis,  are  not  found  experimentally  to  produce  endo- 
carditis, unless  some  previous  damage  affords  them  a  suitable  resting- 
place.  In  a  large  number  of  cases  the  nature  of  the  irritant  is 
unknown.  The  disease  frequently  arises  in  the  early  stages  of  acute 
rheumatism  and  of  chorea.  It  is  an  occasional  complication  of  pyemia, 
puerperal  fever,  gonorrheal  arthritis,  scarlatina,  typhoid  fever,  and 
chronic  Blight's  disease.  The  limitation  of  the  disease,  after  birth,  to 
the  left  side  of  the  heart  seems  to  be  mainly  due  to  the  higher  blood- 
pressure  and  greater  friction,  as  well  as  to  the  greater  oxygenation  of 
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tbe  blood  which  favors  tbe  growth  of  most  of  die  orgMW  i 

In  foetal  life,  on  the  other  hand,  the  right  Bade  i-  more  »ul>j<-ct  to  anal 

than  the  left,  and  it  is  also  more  readily  infected  from  cht 

The  first  effect  of  the  irritant  is  to  produce  necrosis  of  the.  BUnafMl 
layers  of  the  endocardium.     This  i>  shown  by  the  laiUuv  of  DM  »'"'" 

to  stain.     Upon  these  necrotic  patches  the  panning  bl 

laminate*!  thrombi.  In  many  of  the  milder  eases,  •ecnrding  b)  an* 
observers,  no  further  change  occurs,  ut  any  rate  in  the  urtle  HUM 
until  reparative  proocsfloa  begin.  According  toother*,  DUihiHeHI 
leucocytes  appear  in  tbe  neighborhood,  and  the  mcbcnwUttBi  ndb 
All  agree  that  hyperemia,  visible  to  the  naked  Bye,  El  we,  ami  Ml 
in  the  mitnd  valves,  which  are  more  freely  supplied  «"' 
the  aortic,  exudation  occurs  at  an  earlier  stage. 

The  next  stage   varies  with    the    irritant  and    with   tin-   btatoant 
(I  l  When    the  original    invasion  is  slight  and  the  m-en-sis  suprrfiojl, 
and  when  the  heart's  action  i>  a-  far  ae  possible  reduced,  thl  pr"!n>r.- 
tion  of  tissue-cells,  characU'ristic  of  repair,  quickly  fbflow 
parts  of  tbe    firm    and    minute   thrombi  disappear   and    the    rxiiiain-i-r 
Iteeonies  orgiini/ed  (p.  217).     The  final    result    is  a  slight,  pcrnanal 
thickening  of  the  aflectcd  pirts  with  very  slight  narrowtn 
of  the  orifice  and  its  valves.     (2)  When  the  irritation  hi  dkci  iateai 
or  more  prolonged,  the  necrosed  patches  an  bigger  and  men  uuimnaa, 
while  the  adherent    thrombi   are  proportionately  larger.     Tn*  dbi 
"warty"  endocarditis  i>  often  applied  to  this  form  (cm&m 
cona)  (Fig.  26G).     Distincl  and  considerable  swelling  of  it" 
follows,  and  the  orifices  may  lx-  partly  blocked,  and    tin 
dered,  to  some  extent,  incompetent.     Fragments  of  sniliei.  m   ■  ■.!■  kl 
cause  emlxilism  may  be  detached  from  the  thrombi,  whil.    pr  nan    ! 
the  blood,  e. ;/.,  on  the  aortic  valves  during  diastole,  may  pndwT  » 
li>cal   bulging  (</ iimrlxm   of  ralrr),  or  even  a  rant  in    that   part  of  flV 
valve  where  the  necrosis  of  the  endocardium  mi  the  oppn 
leriously  weakened   it-  resisting  power,      In  these  cases  the  r>pnram> 
process    is    delayed,   but    when    tt    dues    oeeur    it    i-   attended   by  modi 
organization  and,  later  on,  in  some   cases,  by    calcification   of  the  td- 
borent   thrombi  and   by  the  formation  of  much  new  ctcatl 
the  valve- ami  their  attachments.     In  this  waj  the  extremes)  Am  a! 
distortion  and   rigidity,  already  alluded   to,  are  produced 
there  is  but  little  evidence,  either  clinical  or  post-mortem,  ■■('  any  Re- 
ceding   acute    disease.      The    changes    arc    limited   to   thickening  »wl 
rigidity  of  the  orifices  and  their  valves.     It  is  possible  that  prolonpd 
mechanical  strain  without  any  acute  endocarditis  may  give 
changes,  especially  as  oedema  of  the   chords  tendinea*  has  been  ob- 
served, experimentally,  <•<  follow  strain,  and    as  the  Condi 
:l-- n-iaied    with   chronic   endarteritis,    a   disease   also    largely    attrib- 
utable   to    the   .same  cause.      Such   changes  are    sometimei 
a-   r/,i"iiir  riitltufii'ditiM,  but   (he  use  of  the  term,    if  en  ;■ 
should  Ih'  limited  to  the  reparative  stage  of  the  ncute  form  (Fig.  SCI 
('■if  When    the   disease    is    due    to  an   invasion    of  large    numU-rs   .if 
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fiyngfiiir  bacteria,  uml  es]>ecially  when  this  affect*  a  valve  already  the 
subject  of  a  mililer  attack,  the  endocardium  becomes  the  seat  of 
miliary  abscesses,  and  the  <tl<:er<tlh*:,  >iw(i<jnaut,  or  infective  type  of  the 


choT'lie  ten 
Btdnwd  i 


valve-  ueiKTally  chickened  (a],  a 
ilUd,  adherent,  u  nd  calcified  | 
masies  projecting  ihmugh  to  tl 
reduced  ti>  arlKlrt  buttonhole  alt 


tfianw  oocura,  The  lesions  in  these  cases  are  not  confined  to  the 
valve-,  but  readily  spread  to  all  parts  which  come  into  contact  with 
them.  Rapture  of  an  aortic  valve  and  aneurism  of  the  heart,  though 
never  common  accidents,  occur  more  often  In  this  than  in  other  forms, 
(■in  ulcer-  in  the  endocardium,  and  septic  infarcts  and  miliary  abscesses 
in  distant  parts,  are  both  usual  and  characteristic. 

Myocarditis. 

Myocarditis,  or  inflammation  of  the  cardiac  walls,  is  less  frequent 
than  the  preceding. 

1.  Suppurative  inflammation  occurs  as  a  result  of  a  pyemic  process. 
In  these  cases  colonies  of  micro-organisms  reach  the  muscular  tissue 
either  by  way  of  the  coronary  arteries  or  by  direct  extension  from  an 
infective  ulcer  in  the  endocardium.  Collections  of  leucocytes  gather 
round  them  and  the  fibres  in  their  neigliliorhood  undergo  necrosis.  If 
the  patient  survive  long  enough,  definite  abscesses  arc  formed.  When 
the  inflammation  spreads  through  the  wall  of  the  heart,  to  the  endocar- 
dium, thromliosis  may  occur  within  the  ventricle,  owing  to  the  injury 
to  its  lining  mcnibraticc.  This  thrombosis  is  generally  limited  to  the 
apical  portion      When  the  inflammatory  foci  are  sufficiently  numerous 
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the  enoeeouent  weakening  of  the  wall  may  give  rise  t<.  aneartsaj    i  ■ 
is  usually  preceded  by  Beptic  pericarditis. 

•J.  A  lew  intense  form  of  myocarditis  is  met  with  in 
wrioaiditie  and  leas  commonly  with  endocarditis.     Hen  tin  En 
iitv  process  involves  il»'  immediately  adjacent  muscular  tavern  »f  th* 
organ  which  iirc  fbund  infiltrated  «iili  small  cells,  the  fibres  tl  • 

bong  dear  and  structureless  IV.. n aguUtion-neeraaM,  or  ">ttf»*d  snd 

granular  from  degeneration.     A  still  more  diffuse  form  of  pjj 

which  the  heart  is  mora  generally  involved,  is  found  in  certain  amr+ 
of  acute  rheumatism,  Bcarlatina,  and  other  infective  Avers.     Tbr  micr»«- 


noopic  appearances  are  much  the  same  as  those  juat  deacribed.  l*«w 
cytes  is  varying  numbers  infiltrate  the  intermuscular  tissue,  whii'b  nuj 
also  be  the  seat  of  minute  hemorrhages.  Tlir  <  lj:inm  i-  iuh-i  nurW 
in  the  left  ventricle,  and  is  also  ustiulh  associated  with  .  inU-mrditi.*" 

|«-rininiilis  (P^g,  2M). 


Myomalacia  Cordis. 
Myomalacia  corilia  i-  the  terra  applied  by  Zuizlci 


I    tin'    • 


,»t'  inrn.w.1  areas  in  the  myocardium  as  a  resul<  of  the  local  (fcpri* 
valion  uf  arterial   MinhI,      1  '-tiallv  this    is  due    In   thro] 

branch,  laive  <ir  small,  uf  an   utlier (.m-  <>r  ..tlicrv 

nan   artery.      Occiisi.aiallv  it  itun  lie  due  to  embolism 

trii'le  in  mure  common!)  affected  than  the  right,  and  the  apex  i 
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iiv  other  part  If  the  necrosed  areas  be  large  or  numerous,  and 
I  to  the «odoc8rdium, aaeoryem  .it"  the  heart  trad  thrombosis  in  the 
of  the  left  ventricle  (apes')  may  follow  (Fig.  269). 
■  Saam  supplied  by  the  blocked  vessel  generally  undergo  eoagula- 
i-crosi.-,  in  which  process  even  the  connective- tissue  cells  may  occa- 
ly  participate.     As  a  rule,  however,  in  the  areas  where  the  muscle- 


vl  myonwlaeliin.rilla.  u.  lwniimted  thrombin  with  listened  centre 
il  pouch  in  th*  ventricular  v.»tt*:  n.  extension  of  In  mi  listed  throm- 
■■  -1-1  .iiitu  in  tin-  .lireitinn  of  Uic  anna;  c,  Im-Inton  to  thaw  nMurv  of 
imtiui;  d,  fibrinous  exudation  on  tnflaiiied  iieiiciirillum;  r,  r1,  wall  of  aneurism  formed 
njocardlnu) ;  S,  witll  nf  aneurism  funned  by  jk' i  lea  rd  film.     Reduced  '  ,. 

have  disappeared  the  connective-tissue  nuclei  still  stain  readily 
270).  Sometimes  the  necrosed  areas  arc  infiltrated  with  blood 
the  neighboring  capillaries  (infarction).  If  the  hemorrhage  be 
is,  the  color,  to  the  nuked  eye,  will  lie  dark  red.  If  no  hemor- 
oecur,  it  will  l>e  yellow  ;  if  the  hemorrhage  lie  only  small  in 
ni,  tin-  affected  portion  may  have  a  red  border  and  a  yellow  centre, 
of  a  mottled  tint,  according  to  the  extent  of  the  extravasation, 
se,  the  older  the  lesion  the  grayer  ifx  color,     This  change  in 


y  ease,  the 
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color  is  duo  to  the  reparative  processes  which  follow.  The  necrosed 
areas  soon  become  penetrated,  and  replaced  by  young  fibrous  tissue, 
and,  later  on,  are  converted  into  hard  cicatricial  masses.  When  a 
number  of  such  areas  have  been  thus  replaced  by  scar-tissue,  the  term 
fibroid  heart  is  applied  to  the  affected  organ. 

Fibroid  Heart. 

According  to  some  authorities,  myomalacia  cordis  is  the  most  fre- 
quent cause  of  a  fibroid  heart,  but  many  of  the  cases  of  the  latter  dis- 
ease may  be  probably  attributed  to  (11  the  reparative  process  following 
a  gradual  atrophy  of  the  fibres,  dependent  on  endarteritis  of  the  smaller 


Fig.  270. 


lU'-fibn*  have  dlaappeared.  ibf- 
of  necrowil  miin It-flhni 
ted  blood  (6,  e)  an  aeen.    The  miurlr- 


vcssels,  and  on  the  consequent  gradual  diminution  of  the  blood-supply ; 
(2)  to  a  similar  rej>arative  process  succeeding  the  myocarditis  occurring 
in  some  of  the  infective  fevers ;  (.1)  to  prolonged  venous  engorgement 
of  the  heart ;  (4)  to  the  final  stage  of  syphilitic  gummata ;  and  (5)  to 
pericarditis.  When  secondary  to  pericarditis,  the  change  is  usually  mart 
advanced  in  the  more  external  portions  of  the  cardiac  walls,  and  com- 
monly affects  both  the  right  and  left  ventricles. 

Whatever  the  cause,  the  heart  is  usually  enlarged,  and  fatty  degen- 
eration of  the  muBcukr  fibres  is  tound  outside  the  fibroid  areas.     More- 
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aterially   impaired,  rod  fibroid 
:   of  the  gravest  of  sill  cardiac 


<?r,  the  function   of  the  heart   is 
induration   accordingly   constitutes  01 

diseases  (Fig.  271). 

Effects  of  Cardiac  Disease. — The  effcrt  of  almost  every  lesion  of 
ihe  heart,  whether  of  the  myocardium  or  of  the  valves,  is  to  diminish 

driving-flower  of  the  organ  and  thus  to  impair  the  circulation  of 
the  blood.  The  general  result  is  to  render  the  patient  short  of  breath 
"ii  exertion,  owing  to  lack  of  reserve  power.  If  the  valves  are  dis- 
eased,  compensation    may   at   first   be  effected    by   hypertrophy  and 


nmdkMM    Bbcwrm  m 

ii:,  V),  BUI)  ill  nhiili  me  entirely  leparated  from  ci 
tlmlliir  KCttOn  from  «  normal  Ii 


pied  tq  n 


ii  l.y  Ur.  IMIk 


increased  work  of  the  heart ;  and  no  further  symptoms  may  be  appar- 
If  compensation  fails,  either  owing  to  myocardial  disease,  or  to 

no  obstruction  to  the  How  of  blood,  or  to  increased  exertion,  disorder 
of  the  circulation  ensue-.  If  the  mitral  voice  lie  affected  the  blood 
i- ml-   to  collect  in  the  pulmonary  veins;  the  pressure  in  the  blood- 

:-.>ls  within  the  lungs  is  raised;  and  more  work  is  thrown  upon  the 
right  ventricle,  which  has  to  contract  more  vigorously  to  overcome  the 
pressure  in  front  of  it.      If  it  in  turn  tail,  engorgement  of  the  systemic 

"ii-  ensues,  with  resulting  cyanosis  and  utlema.  The  results  of  venous 
engorgement  upon  the  various  organs  of  the  IxkIv  are  described  e 
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where  (see  pp.  198-204),  and  the  causation  of  cardiac  drojwy  is  a\ta 
considered  hi  Chap.  VII.  If  tlio  aortic  vtilven  be  the  scat  of  disease, 
and  failure  of  compensation  occur,  the  arteries  arc  insufficiently  tilleil 
with  blood  and  the  nutrition  of  the  body  suffers.  Cerebral  uiuemia 
may  result  in  attacks  (if  syncope.  The  dilatation  of  the  left  ventricle 
which  occurs  in  aortic  disease  may  finally  be  so  great  as  to  eau.se  rela- 
tive incompetence  of  the  mitral  valves  through  stretching  of  this  orifice, 
and  symptoms  of  mitral  failure  will  be  superadded  lo  the  aortic. 
Severe  cardiac  pain  [nng'nui  jtrdori")  often  accompanies  aortic  disease 
and  is  called  out  by  any  sudden  rise  of  blood-pressure  in  the  arterial 
system. 

Failure  of  the  heart  is  generally  a<«omjiunied  by  frequency,  ami 
often  by  irregularity,  of  its  action ;  but  in  some  eases,  especially  in 
myocardial  disease,  an  unduly  infrequent  pulse  may  be  encountered. 
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i  generally  taught  that  the  middle  and  inner  coats  of  arterii- 


are  non-vascular,  the  r 


mint  penetrating  beyond  the  external 


hi'  tumlnaoflhf 
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coat;  and  tli; 

tlie  mwL     But  Mutt  h:i 

media,  even  in  uurmal  arteries,  and  has  si 

in  the  inembrana  fenestrata  nuiy  allow  flu 


the  blond  in  the  lumen  of 
asa  vasorum  mar  enter  the 
iggested  that  the  aperture* 
ds  to  pass  from  the  va«o 
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vasorum  into  the  intinia.  In  support  of  the  view  that  the  intima  is 
not  nourished  solely  by  the  blood  within  the  lumen  of  the  vessel, 
Mott  has  shown  that  it  may  persist  around  thrombi,  which  must  have 
cut  off  that  source  of  supply  (Fig.  111). 

Moreover,  the  proliferative  arteries  which  occurs  in  the  organiza- 
tion of  thrombi  affords  additional  support  to  this  conclusion  (p.  217), 
It  is  quite  certain  that,  in  chronic  inflammation  of  the  arteries,  vasa 
vasorum  frequently  penetrate  into  the  middle,  and  even  the  inner,  coat 
(Fig.  272). 

Degenerative  Changes  in  Arteries. 

The  walls  of  arteries  are  liable  to  various  forms  of  degeneration. 
Fatty  degeneration  may  affect  the  intima  or  the  media  (p.  60) ;  hyaline 
degeneration  is  generally  limited  to  the  intima  (p.  65) ;  while  amyloid 
tlUeaney  though  commencing  in  the  intima,  frequently  involves  all  three 
coats  (p.  66).  Calcification  is  generally  secondary  to  one  or  other  of 
the  foregoing  degenerations  (p.  78). 

Inflammation  of  Arteries. 

(1)  Infective  Arteritis. — In  this  disease,  pyogenic  cocci  are  conveyed 
to  the  wall  of  an  artery,  either  bv  its  va>a  vasorum  or  bv  the  blood 
within  its  lumen,  and  there  give  rise  to  an  abscess.  In  most  cases  this 
is  found  in  the  media,  or  between  the  media  and  the  adventitia.  The 
wall  is  softened  and  infiltrated  with  leucocytes,  and,  in  places,  all  trace 
of  -its  original  structure  may  be  lost.  Thrombosis,  dilatation  of  the 
lumen  (aneurism),  and  rupture  of  the  vessel  are  common  result*  of  this 
condition. 

An  acute  form  of  arteritis,  known  as  jteriarteritis  nodosa  9  is  descril)ed. 
It  may  affect  all  arteries  except  the  pulmonary,  and  is  characterized  by 
the  presence  of  nodules  on  the  outside  of  the  vessels,  representing  in- 
flammatory foci  and  involving  the  adventitia  and  media.  Such  cases 
are  probably  of  infective  origin  :  many  arc*  attributable  to  syphilis,  a 
similar  condition  being  found  in  gummata. 

(2)  Proliferative  Arteritis. — Thickening  of  the  intima  and  media, 
by  proliferation  of  their  coni|>onent  cells,  is  sometimes  met  with.  It 
is  accompanied  by  diminution  of  the  lumen  of  the  vessel,  and  occa- 
sionally by  complete  obliteration  (p.  216).  This  condition  frequently 
follows  torsion,  ligature  and  other  injuries,  embolism,  and  thrombosis. 
The  cause,  whether  it  l)e  some  irritant  conveyed  by  the  vasa  vasorum, 
or  some  kind  of  mechanical  damage1,  is,  in  most  cases,  non-infective ; 
but  micro-organisms  are  occasionally  met  with,  presumably  of  a  low 
degree  of  virulence. 

(3)  Aortitis. — A  special  form  of  arteritis  is  described  in  connection 
■with  the  aorta.  It  leads  to  the  formation  of  small,  pearly,  pinkish 
patches  slightly  raised  above  the  surface  of  the  intima.  These  are 
mainly  due  to  a  proliferation  of  the  cells  of  the  part :  parietal  thrombi 
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may  be  deposited  on  their  surface.     In   man;   ■  ■■■ 
appears  to  be  doe  to  syphilis. 

Arteriosclerosis. 

This    term    ineltidcs    ill!    chronic    degenerative    rhangi 
arteries,  other  than  those  imtncdian-ly  due  (<i  syphilis. 
Two  forms  are  generally  described,  the  twduiai  and  '■ 
(1)  The  nodular  form,  often  known  as  aihtro 
larger  vessels  and  those  at  the  base  of  the  brain.     In  it«  nrij 


Obllltmllv*  ■  tWftltn  -it  uml 
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lak.-s  the  form  of  gelatinous,  slight)}'  rain-d,  yellowish  patch**,  n 
by  endothelium.  In  cases  of  long  standing,  linn,  fibntua,  >«■  n 
plates,  covered  with  endothelium  <-r  i\|mi-m1  n.  tin-  Moml-Mrcaiii,  us? 
In-  present.  The  circumference  of  the  lumen  i^  not  uniformly  affects' 
(Fig.  273),  although  complete  rings  may  be  found  round  the  mnauSnf 
branches  where  they  leave  (lie  tuaiu  trunk.  The  arch  of  theanrta.1 
oinimou  seat  of  the  change,  is  often  .-•  studded  with  small,  tliiekk 
get,  raised  plaque*,  that  it  resembles  crocodile-skin.  Sometime*  u* 
patches  of  new  tissue  may  undergo  fatty  degeneration,  mod  sobae  ] 
qiiently  softening.  In  tin-  latter  ease,  soft,  yellowish,  [wltaowa 
material,  consist  iiig  of  fatty  debris  ami  cholesterin  erystals,  is  foond  m 
the  deeper  layers  of  ihe  inliina.  This  has  been  termed  an  rtfAi luwafaw 
utm-rnx.     If  the  superficial  layer?  of  the  intinia  degenerate  m  are  wra. 
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the  degenerated  products  may  be  discltarged  into  the  blood-stream  and 
an  atheromatous  ulcer  be  left. 

The  orifices  and  branches  of  the  coronary  arteries  are  particularly 


Arteriosclerosis  |«.therom«)  nf  the  aorta.  Phoning  the  localized  thickening  of  the  Inner  coal 
and  the  apparent  bulging  inward  of  the  vessel.  Some  of  the  new  tissue  has  undergone 
ratty  degeneration.  There  la  also  some  thickening  of  the  middle  coat.  i.  internal;  n,  mid- 
dle ;  t,  external  coat  of  vessel.  X  25. 

liable  to  atheromatous  changes,  and  are  often  much  narrowed.  The 
blood-supply  of  the  heart  is,  in  these  cases,  proportionately  lessened, 
and  the  tendency  to  fatty  degeneration  of  its  muscular  walls  increased. 
It  is  hy  no  means  certain  that  the  patches,  which  project  into  the 
lumen  after  death  (Fig.  274),  do  so  during  life  ;  for  Tlionui  found  that 
if  atheromatous  arteries  were  injected  with  melted  paraffine,  at  a 
pressure  equal  to  that  of  the  blood-stream,  the  solid  casts  obtained  were 
cylindrical  and  showed  no  corresponding  depressions. 

Under  the  microscope,  in  the  earliest  stages  of  the  process,  the  deeper 
layers  of  the  intinia  are  found  to  be  much  thickened.  The  thickening 
is  probably  due  to  a  proliferation  of  the  component  cells,  and  the 
proliferation  may  possibly  l>e  the  result  of  the  action  of  bacterial 
products  or  of  some  other  irritant.  Many  of  the  new  cells  may 
develop  into  fibrous  tissue,  resulting  in  a  dense  fibroid  plaque  or  in  a 
more  diffuse  thickening.  Areas  of  fatty  degeneration  are  generally 
found  in  the  central  and  deepest  parts  of  these  patches  of  fibrous  tissue. 
The  muscle-fibres  of  the  middle  coat  become  swollen  and  undergo 
hyaline  degeneration,  while  the  elastic  tissue  atrophies,  its  fibres  being 
sometimes  ruptured. 

(2)  The  diffuse  form  affects  smaller  arteries  and  causes  great  thick- 
ening of  their  walls,  with  u  marked,  if  not  proportionate,  diminution  of 
their  lumina.  The  changes  are  more  uniformly  distributed  than  in  the 
nodular  form  of  the  disease.  Both  the  intimn  and  media  undergo  hya- 
line degeneration,  and  the  internal  elastic  lamina  in  many  places  disap- 
pears. This  condition  corresponds  to  the  arteriora/iilfary  fil>rons  of 
Gull  and  Sutton,  and  is  found  associaU-d  with  hypertrophy  anil  fibrosis 
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of  the  heart  and  atrophy  of  tin-  kidneys  (or-MtUa 
the  commonest  form  of  chronic  BrtgbVa  flinoana 

Results. — Ii  b  obvious  ilmt  the  ohaugee  which  have  I 
will  gradually  impair  the  strength  and  elasticity  of  die  irrnenl  iitli,«i 
thus  affect  the  circulation  in  the  parts  beyond.      Moreover,  tito  ditniiN- 
tion  of  the  lumen,  and  the  change  in  the  lining  membrane  "i 
will  predispose  to  thrombosis  and  occasionally  give  ri»e  Id  «nl»Jiat 
On  nire  occasions  the  narrowing  of  the  vessel  may  l»    DO  great  ■»  [mr- 

ticully  to  obliterate  the  lumen  and  to  produce  nugre f  the  ovi* 

Boppued,     This  condition  is  often  spoken  of  ae  oM&eranw  >u-trriti»,vA 
is  by  some  regarded  as  a  distinct,  disease.     The  low  of  stmuj 
vessel-wall   will   eau.se    it    to  give   way  under   the    OotWBUH    f 
aneurism.     General   dilatation   of    tin'   vessel  mav  result:    mh 
extreme,  it  is  known  as  i/atifom  aneurism.     Whan  thai 
cially  weakened  at  dm  spot  -fits 
Fio.27ri.  the  form  a  lion  of  an  atheromatous  ulcer  orbr 

the  rupture  of  its  middle  coat—a  local  Jilita- 
tion  or  sacculated  aneurism   mav   a 
27o).     When  this  has  raaohed 

its   Wall    may    rupture,   and    fatal    li.ni"rW 
result.      If  the  external  coats 
forinlystrengtliened  by  the  formation 
inHiimmatnrv  U— m-  in  llu-in,  this  t* 
|)r<i|Kiriionati-ly  delayed.       If  an  aili'—i';- 
abscess    bursts    before    the    tissue 
margin  have  been  matted  togeabe 
growth,  the  blood   may  find  its  way  into  the  substance  of  i 
and,  making  for   itself  a  cavity  between   the  coat*  of  the   i 
a  diueding   aneurism.     This  oeeurs  only  in  die  aorta  and  it»  hip* 
branches.       Ultimately  the   blood  may  hurst  either  through  die  «*n« 
into  the    surrounding   tissues,  or  through  the  inbjna  in)"  the  InnM  ^ 
the  vessel. 

The  affected  parts  show  the  Usual  results  of  unpaired 
(pp.  42,  61,  1K1). 

Etiology. — Arteriosclerosis  must  uinpiestianabrj  !«■  OUMaed  am^p* 
Kcniie  changes.  Like  other  penile  manifestations,  it  •ii-nr-  much  -arTi* 
in  some  [lersons  than    in  others.      It    i-   highh    probable   thai 

fitutUtnnj,  n  liclicf  mainly  based  ii{ In    i-arly  ■  -■  ■ . 

degeneration  in  those  whose  ancestors  have  sueeumlied  to  a|n>plexy.  Ifc 
advi  in  i-  :il-"  accelerated  by  the  presence  of  pail,  al<i>li<<li-m,  pliuntian. 
fpphilis.  mechanical    stniiu,  and   any  rauw  which    in 

(Iwtl   is  !i--i"-iair.l  with  [ lie  presence  of  toxic  bodies,  ■*■< 

alcohol   and   lead    probably    exert   a   direct    pois his  action  npat  ■* 

ves-cl.      Si/jt/iiti'/i,    in  addition    !o   the  equally    pernicious    influt-arr  m 

it-  aw t\  tux  in,  causes  endarteritis  <>!'  die  i;i.-a  va-i»ni        M 

27»>).  The  proofs  thai  mrrli'miml  ulrniii  has  a  specie]  iulWnrr  h  i 
production   an-:   I  1  i  die    tuned   greater  frei|ucne\   of 
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the  aortic  than  in  the  pulmonary  system  ;  (2)  its  occurrence  in  the  latter 
when  its  blood- pressure  is  raised,  as  in  mitral  obstruction  ;  (ii)  it--  rela- 
tive frequency  in  those  systemic  arteries  which  are  most  exposed  to 
strain,  especially  the  arch  "f  the  aorta ;  and  (4)  its  presence  in  condi- 
tion- accompanied  hy  rise  of  blood-pressure.  Athletes,  and  those 
engaged  in  laborious  occupations,  are  especially  liable  to  the  disease. 

Pathology.— There  is  no  generally  accepted  explanation  of  the 
UTPOjcaon  whicb  culminate  in  advanced  arteriosclerosis.  Thoma, 
win**  work  on  this  subject  is  very  exhaustive,  believes  that  loss  of 
■  b-iii  itv  in  the  arterial  walla  is  the  primary  change.  This  is  followed 
1 1; ■  ili-tciiii-iii  ijI'  the  affected  vessel  and  slowing  of  the  hlood-stream. 
Compensatory  thickening  of  the  intima  follows,  tending  to  reduce  the 

Fic.'JTH. 


oaKbve  of  the  dilated  vessels  to  its  original  sine,  and  so  maintain  the 
norma!  rate  of  blood-stream.  Unfortunately  the  nutrition  of  the  new 
fame  cannot,  in  most  eases.  In1  mainliiined — hence  degeneration  of 
ii  thickened  intima  follows.  Thoma  found  that  the  local  patehes  of 
Ituofconed  intima  exactly  cm-respond  to  the  places  where  the  media  was 
living  way,  and  obtained  additional  evidence  in  lav  or  of  his  view  by  the 
pjeetion  of  the  bloodvessels  already  referred  to  (p.  463).  In  Thoma's 
•pinion,  the  thickening  ol   the  intima  is  a  conservative  process. 

liv  these  changes  the  vessel   is  converted  into  a  more  or  less  rigid 
ill**-,  and  the  circulation  is  pntjKirtionately  imjKiired.     This  difficulty 
.   overcome  by  the  increased  action  and  hypertrophy  of  the  left  ven- 
ni'  (be  heart.     But  this  hv|Mithesis  does  not  explain  why  primary 


li;i; 
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weakening  occurs.     Hotfs  view,  that  tfaia  ta  doc  bo  in  «-mbirtenti* 
the  ran  vaaonrat]  which  is  frequently  present,  ■  in  many 
probable  [Fig.  2ii2);  but  the  cause  of  tbie  endorleritii 
elucidated.     It  is  not  improbable  that  the  toxinei  ■  >!'  infective  •)!?••»■ 
produce  t Ii«j  primary  injury  to  the  arterial   mile  in  some  iufaM 
either  acting  on  the  middle  coat  directly  or  on  the  ran  moram, 
other  cases  toe  lose  of  elasticity  may  !«■  a  true  senile  cluing*,  as  it  ua 
seems  in  Ik-  in  emphysema. 

Inflammation  of   Veins. 
Inflammation  of   vein-  (  iihMii'U)  i-  very  anjtloijiiii.-i   to  in  I 

■  if  arteries.        Ai'iift'    i'l/rrtir,-   jihhhilin    i-    diriiledly    

acute  infective  arteritis.     In  most  cases  ii  is  due  to  tba  praam 
growth  of  organisms  (aouta  nuppwalmt  phkbitia).     The  wall  «l 
vein  becomes  swollen  and  densely  infiltrated  with  ntoltii 
ejtes.      All  appearance  of  normal  struct  lire  is  lost,  the  cell*  ucamt 

lumen  die  and  are  cast  off,  as  in  the  wall  of  an  abaci  as, 

wall  of  the  vein  has  been  practically  converted  (Fig.    J77i 

tlirombosis  follows  ami,  in  many  cases,  pyiemia. 


Section Ih roagh ■  portal  ennui  In*  cue  of  niiif>uraiire  prlri-lilrbilli-ri.ini 
"umtilllul  l)JlcIaLa,■■  The  vein-wall  P.V'i  ii  convertad  Inio  pinuian  ■■ 
vein  l«  iwi.iw  ..n  tin;  U-rt.     ■  »'-    (BnjrZ.) 

Xoii-iiifrrlirr  and  /iro/ija-utlvf  phlebitis  arc  due   to   thesararou 
and  present  I  be  same  :i|i|H-ii ranees,  as   the  simitar  affecti 
A  ree.iirre.nt  phlebitis,  e-pccisilh  mnimon  in  the  internal  sapbenou*  * 
i-  frequently  awl  with  in  goat 
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A  phlebosderotsus,  somewhat  similar  to  arteriosclerosis,  may  be  found 
in  the  pulmonary  veins  in  cases  of  mitral  stenosis,  and  in  the  portal 
veins  in  cirrhosis  of  the  liver,  as  well  as  combined  with  arteriosclerosis, 
and  due  to  the  same  causes. 


Varicose  Veins. 

In  some  persons  especially  predisposed,  constant  but  comparatively 
slight  increase  of  the  pressure  in  the  veins  of  the  legs,  spermatic  cord, 
or  rectum,  will  produce  an  irregular  but  very  marked  dilatation, 
lengthening,  and  tortuosity  of  the  vessels  in  question.  Portal  obstruc- 
tion will  produce  the  same  results  in  the  veins  of  the  hemorrhoidal 
plexus  apparently  without  any  predisposition.  Other  veins  are  simi- 
larly, but  less  frequently,  affected.  The  dilatation  and  other  changes 
may  be  accompanied  by  thickening  of  the  walls,  due  to  the  formation 
of  fibrous  tissue. 

When  the  dilatation  is  mainly  saccular  in  form,  the  walls  may  be 
exceedingly  thin  and  easily  rapture :  this  is  frequently  the  case  when 
the  rectal  veins  are  involved  (hemorrhoid*).  The  projecting  skin  or 
mucous  membrane  covering  varicose  veins  is  esj>ecially  liable  to  fric- 
tion. The  excoriation  thus  produced  is  followed  by  progressive  ulcer- 
ation, which  only  heals  when  the  increased  venous  pressure  is  removed. 
When  the  friction  is  less  severe,  overgrowth  of  the  surrounding  con- 
nective tissue  may  occur.  Thrombi  and  phleboliths  may  l)e  found 
within  the  dilated  veins.  In  some*  instances  varicose  veins  may  jkt- 
haps  be  angiomatous  in  nature. 

Vm.   DISEASES   OF   THE  RESPIRATORY  ORGANS. 

Pneumonia. 

In  the  lungs,  inflammatory  processes  may,  for  convenience  of  de- 
scription, be  divided  into  three  varieties :  (1)  croupous,  lobar,  or  acute 
pneumonia ;  (2)  catarrhal,  lobular,  or  bronchopneumonia ;  and  (3) 
interstitial,  or  chronic  pneumonia. 

1.  Acute,  Croupous,  or  Lobar  Pneumonia. 

Acute  pneumonia  is  an  infective  disease  characterized  by  inflamma- 
tion of  the  lung,  leading  to  the  solidification  of  a  considerable  area  of 
the  organ.  It  is  usually  limited  to  one  lung,  and  the  right  is  most 
fpequently  affected.  The  inflammation  stalls  in  the  substance  of  the 
lung,  from  a  focus  which,  in  the  majority  of  cases,  is  in  the  lower  jmrt 
of  the  lower  lobe.  The  disease  extends  by  continuity  of  tissue  from 
this  primary  focus.  The  consolidated  |x>rtion  may  exactly  correspond 
to  a  single  lobe,  though  quite  as  often  it  is  less  or  more  than  this. 

The  inflammation  of  the  lung  is  always  accompanied  by  inflamma- 
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tion  nf  the  pleura  over  the  inflamed  area,  and  socoetimca,  owing  tola 
spread  of  the  infection,  by  that  of  tile  peritOtKOta  and   pa 
The  bronchial  gland-  are  inflamed  and  awollan,  the  medbwan 
tive  tisane  ta  frequently  cedematous,  and  aoute  aacomltf)    i 
occasionally  aapervenea.     The  disease  is  aoomnpapied 
jicrature,  Itcghining  with  a  sudden    rise  (p.  "230),  and  Cawting 
cluiidy  swelling  of  organs   results.      Death,  when  it  mur-,  -miu-  t<  I. 
due  to  cardiac  failure,  induced  by  general  poisoning) 

Etiology. — This  disease  was  formerly  attributed  to  a  chill,  awl,  io 
certain  casee,  its  connection  with  exposure  to  ooM   Had 
.striking.     Exposure  is,  however,  onlj  a  prediapoainj  o 
in  but  a  small  minority  of  the  case..     Moreover,  although   : 
is  most  prevalent  in  the  early  spring,  it  does  not  MptxaaUj.  afl 
who  ari'  must  exposed   tr>  the  vicissitudes  nf  the  wealhi-r,  tn 
prevalence  rise  and  tiill  with  that  of  bronchitis. 

Similarly,  depressed  health  is  only  a  pt^tsposmg  cau-e.     Xjp 
healthy  people  are  often  affected,  but  ii  i-  especially  liable  bn  man 
complication  in  cases  of  erysipelas,  typhoid   fever,  i  I 
and  other  debilitating  diseases.     Pneumonia  is  prom  to  recur 
penon  who  has  once  Buffered  from  it. 

The  disease  is  occasionally  so  prevalent  a-  I"  Ik-  prncti 
Small  outbreaks  occasionally  occur  in  wards,  prisons,  and  wauar  pi***; 

the  disease  is  sometimes  endemic   iti  a  house,  from  time  to  time  aUxi- 

ing  different  people  in  it ;  but  there  i- in  general  

contagious. 

Pathology. — Acute   pneumonia   is  a   general   infective  dwt*  is 
which  the  inflammation  of  the  lung   i-   ihe  ■ 

This  is  shown  by  the  typical  course  of  the  fever,  ending  u-uallyin* 
crisis  between  the  fifth  and  eighth  days,  and  by  the  absence  ■H*  aij 
constant  relationship  between  the  extent  of  the  local  inHamntatkwaai 
the  intensity  of  the  fever.  The  uraviiy  ol"  the  <h-. 
to  tbe  intensity  of  the  toxines  at  work,  the  actual  interftnooa  with  tbi 
respiratory  function  being  only  of  secondary  importance.  fr«» 
oeetirs  by  cardiac  failure  resulting  from  tbe  toxaemia,  not  by  dean** 
aeration  of  the  blood. 

In  the  large  majority  of  cases  the  disease  i-  doe   tn  the  .;rv>wuV. 
the  Diplncoccus  pnetimoniie  (p.  31 1).      Less  oummonly    KrinllaMkT* 
bacillus,  streptococci,  or  the   Iwicilli  of  tubercolnais.  typhoid   I 
<liphtlieria  have  liecn  found,  csjieciully  in   pneumonia  occurring  hi  «* 
[•nurse  of  other  diseases.      But  even  in  these  secondary  pneumonia*  d» 

Pic.  77*.— Acute  lobar  pneumonia  (rert  hepaliul 

BilVanelug    margin    if    plieUUUUlC    urea.    UIOi    Ii V|«-rn-uiH'   eilgeai    C,    I ■Il»lll    •• 

/).  tau»  tirtweeii  upper  nixl  lower  lube*  :  K,  normal  lung;  K  larger  litnartu    «.  hnacMa 
cUmla  wUii  pliruient ;  II.  coiuulldMetl  an>a;  I.  I'.  pufmoMfj  rata  :  A".  ■  ncurrj  iih  •*■* 

I  nc  rommi-iKonicni  »i  i"irti nlc  proee**     IMweea  A'and  AHvtnl  uf  Uhhbhimi* 

aeen.    Ill  thla  >peelmen,  twdfiry  la  Ihe  hi,,  .  .  im  «* 

lobe  anil  apreail  tinanwarii,  dealt)  nulling  uu  We  nBli  day.    x  it- 
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DiploeooDQfl  pneumonia-  (pntunmcocoos)  \-  the  organiam  atari  freqwntlt 
out  with.     The  precise  method  of  infection  i-  unknown. 

The  pneuraoooocw  exist-  normally  in  the  i itli,  and  du  gcomlb 

lie  liiiiml  mi  tin1  suHiice  of  the  tonsils.      Indeed,  nil   the  orgai 
mentioned  may  be  met  with  in  the  iir  pnrwngrn  of  uenwm  firr  frm 
pneumonia.     Experimental]) ,  wi*  of  these  organunw  me)  I* 

the  tmchea  without  causing  this  disease  ;  but  pneu 

(hist  be  isiiiiiilUilM.tiii.ily  injected;   ur  C'l  if  the  aiiiiunl- 
warm,  are  suddenly  immersed  in  a  COW  bath  at   the  tine   of  tl 

Morbid  Anatomy. — The  local  process  is  ehmutariiod  bj  inM 

inflammatory  livpenemia  of  the  lung,  ami   by  the  exudation  Of  ■  lap 

amount  of  coagulable  material  into  the  pulmonary  tiaMie.     1'  ■  u-nw! 

"croupous"  from  tin1  fibrinous  character  "t"  the  exudation 
"  lobar"  is  applied  tu  ii  Iterative  it  almost  invariant]  ailii-t-  to 
portion  of  the  lung.      The    process  is  commonly  described  as  mn-i-W 
of  three  stair,.; — ( i  j  that  of  nignrr/nHfitt ;  (2)  that  nf  red  tuf 
ami  (3)  'hat  of  .'/'".'/  hepathrttimt. 

In  the  jirxt  stage,  thai  of  engorgement,  small  patrhea  of  h 
only  visible  in  large,  lliiti  sections.  Income  intensely  EtVIM  I 
rapidly  rim  together  to  form  a  large  nniforraly  engorged  dad 
The  weigh1  "f  'his  mngtvted  portion  rif  the  lung  i-  ineretatd 
tirity  i-  diminished,  its  nubtitanw  is  h  —  crepitant  and  uon  friable  tan 
natural,  and  it-  Mtrfhce  pit-  upon  prewnre.  On  wetmii,  it  yield*  * 
reddish,  frothy,  tenacious  lupiid. 

In  the  sr-rmi'l  stage,  thai  of  red  hepatization,  th< 

fluid  and  blood-corpuscle?  into  the  pulmonaty  tixetie,     8 i 

may  aluo  rupture  ami  small  extravasations  occur.      The  exud 

coagulate    Wlthill     tin-    air-vc-ieh-    i     lenilihal     lireitil, 

a  semi-traus|iareiit  coagulum  enclosing  red  eorpueclea  and  leucocyte** 

its  nieshi-  (  Fig.  27S)  |.     The  h  I  iriu-fi  laments,  i ording  to  \VeichsehW. 

are  mneh  lb  inker  anil  more  numerous  in  ease-  due  to  the  PiplottKtw 
pneu nioii in.  Contrary  to  the  nwial  rule  in  acute  inflammation*,  u» 
UU  in  Helen  ted  leucocytes  are  a-  plentiful  a-  I  In-  iioiliniu.  !.  ii..l: 
forms  may  contain  pnenmoeocci.  The  lung  is  now  much  luaivke  u»» 
in  the  preceding  stage,  and  is  increased  in  si/e,  so  as  to  In-  oftrn  mmW 
by  tin'  ribs.  The  nflceted  |mrfinn  ran  lie  recngnused  before,  a  seetiai* 
made,  for  the  pleura  over  it  is  hyponeniie,  opaque,  and  nivmil  Vat 
tihrinou-  exudation,  while  the  distention,  firmness  and  dark  punik 
.■oh.r  of  the  lung  beneath  eaiiuol  escape  notice.  It  is  quite  -Jfcl,(«a*» 
in  water,  anil  cannot  lie  artificially  inflated.  It  does  not  crepitate  wit 
the  fingers,  and  is  rcmiirkuhli  friable,  breaking  down  readily  **•  • 
will  granular  fracture.  The  en t  surface  has  a  granular  appellant*,** 
e-|rit-iallv  when  the  tissue  is  torn.  This  i-  owing  t"  the  -mall  n**» 
of  coagiilati-d  exudation,  wbieli  project  fn>m  tlie  alveoli  they  till.     Theft" 

i-  mi  lobiilati >t"  the  margin  of  the  inflamed  area,  no  outlying  ranfM* 

nodules  or  other  indication  nf  inleilion  spreading  by   tl 

color  in  of  n  dark   reddi«h-brouii.  here  and   there  ptuaong  into  pB> 
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T!ii-  admixture  with  gray  sometimes  gives  :i  marbled  apjiearnnce.  The 
red  eolor  i*  clue  chiefly  '"  vascular  engorgement,  Inn  partly  to  extrava- 
>.it.-d  ted  oorpttsclea.  Throughout  this  stage  the  vessels  in  the  alveolar 
walls  are  engorged,  while  (he  alveolar  epithelium  is  usually  swollen 
[Hilar.  If  a  s(H'timi  "I"  thr  spreading « •« lt^ « -  1»'  examined  at  this 
itage,  ii  will  Ix1  found  intensely  hvpenemio.  The  hyperemia  extends 
irregularly  into  the  adjacent  tissue  ( Fig.  273). 


ir  p-JJ .■  I11U-. p 

Mood-cor[iu»c!e» 
muled  BlVMtlU  ' 
BUimrt  |  Lhiwi'  in 


in?.!   lifiimiuniiitii.    ii,  nlvi'iilu-  enn  lain  Inn 

nl  v.>.. I  ii~  I'.mUiniii):  :i  luiyi-r  |.n  ■j-.i-tlun  of  porpuscl 

l>.:  1 1  ii  in  ;  .-.  mfn.    H»rt  !•!  the  reii  blnod-ruriiiisrlr 


Tin'  third  Stage,  that  of  gray  hepatization,  is  characterized  by  a  marked 

iitgration  nl'  leiicjieytes,  and  hy  more  extensive  degenerative  changes  in 

;he  alveolar  epithelium.     The  walls  of  the  alveoli  are  infiltrated,  and 

ili-.ir  cavities  distended   with  the   emigrated    leucocytes.      The   walls 

(pad  the  contents  of  the  alveoli  now  assume  a  uniform  appearance,  and 

e  granular  appearance  of  the  red  stage  is  lost  (Fig.  27!').     The  fibriu- 

-  material  next  disintegrates,  and  the  white  ceils  rapidly  undergo  fatty 

whilst  the  red  arc  decolorized,  so  that  the  alveoli  are  seen  to  be 

I  nl'  granular  elements,  which  in  many  parts  have  lo-t  their  distinctive 

ullinesiFi^.  280).    Occasionally,  when  this  stage  is  unusually  advanced, 

•  alveolar  walls  may  be   found,  here  and   there,  partially  destroyed. 

The  weight,  density,  and   (Viability  nf  the  lung  are  now  even   greater 

:lian  in  the  stage  of  red  hepatization.    The  tissue  is  soft  and  pulpy,  and 

i  piiriform  Uquid  exudes   from    its  cut  surface.      The  most  prominent 

-,  however,  is  the  difference  in  the  color  of  the  organ.      Instead  of 
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I  dark,  rediab-brown  color,  the  aeetion  now  appears  ■  grsj  or  ytDnmV 
white,  marbled  by  the  tract*  of  pigrnentrbenring  connective  mm   TV 
jwllor  is  owing  partly  t<.  the  fatty  degeneration  which  the  b 
undergone,  and  partly  i"  Che  prewnrc  exercised  upon  the  bio 
by  the  exuded  substances  and  newly  formed  cells ;  bnl  sinoe  Ri 

ha-  -linwn  (luil  j(  is  always  easy  tn  itijii't  the  ve--.!-,  it  minld  **i  m  lik'1;- 
that  II   p»hI  .lea!  ,,('  tin-    |.allm-  i-  -In.    (•■  tin1  Dili    in   I.I. 

death.     The  Btage  of  gray  lu-pati/aiMiM,  when  far  n<i 

termed  "  auppuration,  or  purulent  infill  mi  inn,  of  the  Umg.u     Tin*,  in 

;ill  probability,  only  ooenre  in  fatal  rmrwi 

Although  these  three  stages  of  the  pneumonic  nw 
deecribod  as  succeeding  one  another  in  orderly  raorendo 
remembered    not    mily  lliat    eaeli    sta^-e  ili»-    i ■  i 


lrj!-urr»lln*  k«,,lo«M 


throughout  the  whole  (if  tin:  affected  area  of  the  lung,  but  thai 
ii.  it  is  more  tiirunitc  to  speak  of  only  two  stagM — ™ 
hepatization.  I'atrhes  nf  gray  hepati ration  may  !«■  found  in  mt* 
invaded  parts  of  Hit1  lung,  ami  patches  of  red  hepatization  in  ihwr  p*- 
iii. 11-  which  werccarliesl  affected.  The  exact  characters  nf  thoeetane* 
not  improbably  de|w>nd  nil  (lie  presence  of  centres  of  iiitii-t«m,  on  tk* 
nature  and  virulence  of  the  organism.*  piraent,  and  mi  tin-  local  o«f 
diiinus  influcueing  their  growth.  According  i"  ibis 
exudation  first  filling  the  alveoli    remains)  unalti 
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and  disintegration  set  in.  The  bronchi  in  the  affected  area  are  always 
inflamed,  wad  usually  contain  a  viscid,  blood-stained,  rust-colored  mucus, 
which  forms  the  characteristic  expectoration.  Sometimes  the  sputum 
il  dark  and  watery,  like  prune-juice.  This  is  probably  owing  to  the 
addition  of  serous  exudation  from  neighboring  parts  of  the  lung. 

Terminations. — It'  the  patient  survive  the  stages  of  the  disease 
already  described,  the  pneumonic  process  will  end  in  one  of  four  ways. 

1.  Resolution. — The  gradual  return  of  the  lung  to  its  normal  con- 
dition is  the  most  frequent  termination  of  croupous  pneumonia.  This 
is  effected  by  the  liitty  degeneration  mid  liquefaction  of  the  innumma- 
tory  products  which  have  accumulated  wilhin  the  alveoli.  Thus  altered, 
mey  arc  removed  principally  by  absorption  and,  to  a  less  extent,  by 
ix peitor.it ion.  This  process  is  assisted  by  the  return  of  the  btooaV 
vcs.-eU  to  :t  normal  condition  anil  the  re-establishment  of  the  circulation. 

2.  Gangrene.— This  result  is  rare,  and  is  chiefly  found  in  drunkards 
and  in  persons  of  debilitated  constitution.  Two  conditions  apjiear  to 
l>e  principally  concerned  in  bringing  about  this  result  :  (1)  the  inter- 
mreoce  with  the  supply  of  blond  by  the  formation  of  cimguUi  in  the 
pulmonary  and  bronchial  vessels,  together  with  considerable  hemorrhage 
into  the  pulmonary  tissue ;  and  (2]  the  local  toxic  innuonce  of  some 
special  farm  of  septic  infection.  The  gangrene  is  usually  limited  to  a 
small  area  of  the  pneumonic  lung,  and  is  either  rlifftwetl  or  circiimxeribcit. 
Id  the  former,  the  exudation  and  lung-tissue  in  the  gangrenous  area 
form  an  ill-dehned,  semi-tlitHuent,  dirty  gray,  fetid  substance  ;  in  the 
latter,  an  ;i!i-ees^  eavitv  containing  it  pillpv  slough  of  similar  color  and 

odor. 

3.  Abscess. — The  formation  of  abscess  is  also  a  r-are  result  of  pneu- 
monia. It  occurs  under  conditions  similar  to  those  which  predispose 
to  gangrene,  which  indeed  it  not  infrequently  follows.  Abscess  is 
commoner  in  the  upper  than  in  the  lower  lobes.  It  may  follow  cir- 
cumscribed gangrene,  or  it  may  arise,  as  in  other  places,  from  the 
growth  of  pyogenic  cocci  without  any  necrosis  visible  to  the  naked  eye. 
When  preceded  by  gangrene,  the  necrosed  tissue  may  be  expelled 
through  the  bronchi,  and  the  resulting  cavity  heal  by  granulation  and 
cicatrization.  Abscesses  formed  in  these  ways  are  usually  single,  and 
tbos  differ  IV those  due  to  pyemia. 

4.  Chronic  Pneumonia.— If  the  inflammatory  process  does  not  sul>- 
ride,  and  the  exudation  is  not  absorbed,  the  alveolar  walls  gradually 
become  thickened  by  the  growth  of  fibrous  tissue.  In  rare  cases  the 
intra -alveolar  exudation  becomes  organized.  These  changes  lead  to 
;i  genera)  induration  of  the  affected  part  of  the  lung.  This  termina- 
tion nf  croupous  pneumonia  is  comparatively  rare. 

2.  Lobular,  Catarrhal,  or  Bronchopneumonia. 

Bronchopneumonia  is  an  inflammation  of  the  lung,  due  to  an  irri- 
tant entering  by  the  bronchi.  This  irritant  gives  rise  to  an  inflamma- 
tion of  the  smaller  bronchi,  spreading  to  the  bronchioles  and  alveoli. 
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As  soon  as  the  substance  r.f  the  lung  i?  involved  tbs  term  "  brash* 
pneumonia  "   is  applicable. 

Etiology.— Broncho] mi  11  mi. iiin  is  eap sadly  iieoncnt  iii  noj 
children  wad  in  aged  persons,  am!  often  in  soon  ca 
Thi-  malt  is  due  to  tlie  interference  with  (he  entrance  of  air  thmufA 
the  inflamed  bronchioles,  to  the  limitation  of  the  oxygenation  area,  vnl 
to  the  absorption  of  toxins.  The  immediate  am  01  death  arc,  bSts> 
lore,  asphyxia  and  cardiac  failure. 

There  are  many  irritants  which,  pulling  access  to  the  air-pa 
in  excite  inflammation  »t'  the  bronchioles  and  nibirrpmily 
alveoli.     Among  these  may  be  mentioned  ( 1 )  Irritant  gam 
of  various  kind-,  such  as  partielea  of  oarbon  (p.  488),  steel,  in*.'* 
stone,  which  differ  in   their   irritant   qualities,  mid,   tlnret'orr,  in  iht 
Boateneas  of  the  inflammation  to  which  they  give   i  ise  :  and 
isms,  of  which   the  moat    important  is   ihc  Bacillus  tobefCU 
bronchopoenmonia  is  the  principal  lesion  in  poeamatogeno* 
nary    tuberculosis    (pJUhifix),      Not    iiil'rii|iienih     tin 
pDeUmoOOOoOB   may  act   as   the   immediate  cause  i\>   ■' 
septic   organisms,  conveyed   with   portions  of  t^-l   or   of  -.diva,  nm 
enter  the  air-passages,  especially   when  the  glottis  is  in- n 
paralysed.     Blood  and    putrid  discharges   may    !«■   anelnd   inb<  tl* 
bronchi  during  operations  on  the  month  or  nose,  or  when  they  onf 
in  wounds  or  diseases  of  these  parte.     Among  other  organism*  »hrli 
may  enter  the  lungs  by  aspiration  are  the  actUKKoycet  ami  the  bsriili 
of  diphtheria  and  of  glanders,     i  I)   Bronchitis,  whi  tl 
earring   in   specific  diseases   such    as    measles,    \*  hoopiNg-eimgh,  tti 
variola,  is  a  common  antecedent  of  bronchopneumonia. 

All  conditions  depressing  the  general  health  and  -trvugtl 
pose  to  bronchopneumonia.  Collapse  of  scattered  Iodqmm  of 
t4i  precede  the  inflammation,  and,  by  interfering  with  the  dn 
the  affected  alveoli,  may  weaken  the  resistance  of  the  ii--'  ■ 
whenever  bmncbitia  has  reached  (lit-  smallest  tabes 
inflammation  to  the  alveoli  may  occur  without  collapse. 

Pathology.— Bronchopneumonia  has  lieen  produced  uxpti iumlrite 

Animals  have  been  made  lo  inhale  irritant  gases  or  suspended  , 
of  various  kinds.  further,  by  division  of  the  vagus,  saUva  ml  m 
havi'  lieen  |termitted  to  enter  the  air-passages.  The  rexultinf 
vary  1 1 )  with  the  «»■  of  the  inhaled  particles,  and  (2)  with  the  intmilf 
of  (In  irritation  which  they  are  capable  of  exciting.  Thus,  very  aw 
particles  cause  inflammation  of  widely  «. 'panned  lobules  ;  larger  •■" 
block  some  of  the  -mailer  bronchi,  and  cause  collapse  and  srewadan 
inflammation  of  lobule.- — results  which  have  led  to  the  name  of  "  lobaatf 

pile uia."      The  aspiration  of  a  quantity  of  septic  di-*hargv  or  ooV 

fluid  into  a  hmin-hus  may  afl'ool  many  lobules  or  i*\  en  a  whole  lohr- 
According  to  ihc  intensity  of  the  inhaled  irritant,  the  result  may  viP 
from    slight    inflammatory    oslema    in    a    collapsed    patch,    through  at 
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E  Inflammation  up  W  gangrene.     In   the  tubercular  form  (p. 
...     inflammatory   products  oaseate.      Not   improbably  the  three 

modes  in  which  tii I leivii Wis  is  conveyed — by  the  air- passages,  by  the 
111'-- 1,  a  in  I  by  the  lymph — also  bold  gond  in  the  ease  Of  other  forms  of 
bronchopneumonia.  In  the  case  of  septic  wounds  which  are  followed 
by  this  affection  of  the  lunge,  the  infection  appears  to  lie  conveyed  by 
the  lymph  or  blood. 

Morbid  Anatomy.— The  bronchi  are  always  more  or  less  inflamed 
and  contain  thick  mucus.  The  lung-tissue  contains  u  varying  number 
of  solid  patches,  due  either  to  (1)  rotliijinr  or  to  (2)  inflammntory  vou- 
aO&dation.  Emphysema,  with  mure  or  less  congestion  and  (edema,  is 
commonly  found  in  their  neighborhood, 

Collapsed  patches  are  particularly  common  in  the  lower  lobe, 
especially  along  its  thin  borders.  Sometimes  a  large  jmrtion  of  a  lobe 
is  thus  involved  ;  at  other  times  only  a  few,  small,  isolated  patches. 
The  suriiicc  of  the  collapsed  part  is  depressed  below  the  general  surface 
of  the  lung.  It  has  a  dark  bluish  color,  and  is  easily  inflated  from  the 
bronchi.  On  .section,  it  is  dark-red,  smooth,  and  shiny.  It  is  tough 
and  non -crepitant,  and  portions  of  it  sink  in  water.  On  closer  inspec- 
tion the  patches  are  .seen  to  be  more  or  less  conical,  with  their  bases 
toward  the  surface  of  the  lung  and  their  apices  toward  the  bronchi 
with  which  they  are  in  connection.  The  pleura  over  a  patch  of  col- 
lapsed lung  i-  normal. 

Pneumonic  patches  are  of  conical  form,  and  are  airless,  like  the 
Collapsed  parts;  moreover,  they  are  similarly  distributed.  But  the 
base  of  a  pneumonic  patch  is  raised  above,  never  depressed  below,  the 
surface,  while  the  patch  forma  a  less  pliable  and  more  nodular  mass. 
Oi'i'a-iunally,  when  it  is  of  considerable  size,  its  pleural  covering  may 
be  opaque  with  inflammatory  exudation.  On  section,  pneumonic 
patches  may  be  clearly  defined,  but  their  outlines  are  generally  less 
distinct  than  those  of  collapsed  patches  ;  they  usually  range  in  size 
from  that  of  a  |>eu  to  a  hazel-nut.  The  surface  of  the  section  tends  to 
rise  slightly  above  the  surrounding  tissue  :  the  substance  is  soft,  friable, 
opai | ue- looking,  smooth  or  faintly  granular,  at  first  dark-red  in  color, 
then  passing  through  grayish-red  to  grayish-yellow — the  lighter  color 
lieing  central.  A  turbid  red  or  grayish  juice  can  be  pressed  from  it. 
Neighboring  lobular  patches  often  blend,  and  as  the  diffuse  consolida- 
tion thus  formed  Ih mes  paler,  firmer  and  drier,  it  may  occasionally 

resemble  in  appearance  ordinary  gray  hepatization.  Sometimes  the 
pneumonic  process  is  found  involving  parches  of  collapsed  lung  ;  these 
consequently  become  swollen,  opaque,  and  cedematous. 

When  bronobopneu ia   is  so  extensive  that  the  consolidation  is 

practically  "  lobar,"  it  is  difficult  to  distinguish  it  from  acute  pneumonia. 
Evidence  of  the  blending  of  lobular  masses,  and  especially  the  pres- 
ence of  outlying  [Hitches  in  the  neighborhood  of  the  main  mass,  are  the 
most  important  [mints  to  look  for.  The  abxetux  of  adherent  inflamma- 
exiidatiou    from    the    pleural    surface    is    evidence  against  acute 


llili 
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weakening  ocean.     Holt's  view,  that  this  is  doc  k>  in  eooarl 

the  vast  vHMinim,  wiiirh  is  frequently  |>n>..-ni,  i-  in  in.h 
probable  (Fig.  362);  hut  the  cause  of  tbh  endarteritis  naa  d 
ahwidated.     It  is  not  Improbable  t lint  the  toxtnea  of  infective  iii-s-> 
produoa  the  primary  injury  to  the  arterial   walh  in  mom 
cither  acting  on  the  middle  coal  directly  or  "ii  ill''  v**a  vmocua.   h 
other  cases  the  Ion  of  elasticity  may  be  a  bme  senile  change,  aa  it  etin 
aacmi  to  be  in  emphysema. 


Inflammation  ol   Veins. 

Inflammation  of  veins  [pkUbitit)  u  very  analogona  to  inflnmiaMn 
of  arteries.     Antfe  infective  phiebiHt  is  decidedly  atore  fteoa 
aeate  infective  arteritis.      In  moat  cases  ii    is  due  to  t!»-  presence  wl 
growth  of  organisms  {acute  ntppuratwe  phiebitU)      1  I 
vein  becomes  swollen  and  densely  Infiltrated  with  multinucleated  Unci* 
eytee.     All  appearanoe  ol  norma]  structure  is  U*t,  the  cells  i 

lumen  die  and  are  east  nil",  a.-   in  the  "all  ■•i  an  al>- -.  into 

wall  of  the  vein  has  been  practically  oonvertad  ( Ktj».  :!77).    Srptic 
thrombosis  follows  and,  in  many  cases,  pyjcinia. 


icllon  tlirnuuli  •  porl*!  r 

"■1" leal    i  ■ 

rrtii  ti  t"-luw  i,n  Ihi'  li>n 


tratitiUimii-iiaaor    \v** 


fiim-infedirr  mid  proliferative  pMtbitu  are  due  to  the  wan*  can—  • 
and  present  the  name  appearances,  aa  the  -imilar  afieotiooa  of  tour*- 
\  recurrent  [ililehiiis,  (■■ipcciallj  eouimon  in  the  intenud  eaphe 
i-  frequently  met  uitli  in  goat. 
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mucoid  exudation,  as  contrasted  with  the  contents  of  the  air-cells  in 
acute  pneumonia,  which  are  first  blood-corpuscles  and  fibrin,  and,  later 
on,  leucocytes ;  the  walls  of  the  alveoli  are  considerably  thickened  in 
bronchopneumonia,  much  less  affected  in  lobar  pneumonia. 


\. — Resolution  is  the  most  common  termination.  The 
contents  of  the  alveoli  undergo  fatty  degeneration,  and  are  removed  by 
expectoration  and  absorption,  the  lung  gradually  regaining  its  normal 
character.  This  process,  however,  is  less  readily  effected  than  in  croup- 
ous pneumonia,  and  it  often  occupies  such  a  lengthened  period  that  some 
thickening  of  the  bronchial  and  alveolar  walls,  with  dilatation  of  the 
smaller  bronchi,  remains.  In  chronic  cases  this  fibroid  thickening  is 
more  marked,  and  much  irregularly  distributed  induration  may  occur 
accompanied  by  pigmentation  and  bronchial  dilatation  (p.  492).  In 
these  chronic  forms,  caseation  sometimes  affects  the  alveolar  contents, 
which  then  become  encapsuled,  or,  in  quite  exceptional  cases,  absorbed ; 
but  such  cases  are  ususally,  if  not  invariably,  tubercular. 

Hypostatic  Pneumonia. — Allusion  must  be  made  to  a  form  of  consoli- 
dation which  is  often  described  as  pneumonia,  but  which,  for  the  mast 
part,  is  not  inflammatory  in  its  nature.  This  is  the  so-called  "  hypo- 
static pneumonia."  This  condition  is  met  with  at  the  bases  and  most 
dependent  portions  of  the  lungs  in  the  course  of  lx)th  chronic  and  acute 
diseases,  and  also  in  the  aged  and  debilitated.  It  consists  in  the  main 
of  collapse,  passive  hyperemia,  and  oedema  of  the  lung-tissue,  resulting 
from  weak  inspiratory  power,  feeble  circulation,  and  gravitation.  The 
consolidation  thus  mechanically  induced  is  increased  by  more  or  less  ex- 
udation of  fluid  and  blood-corpuscles  into  the  alveoli.  This  exudation 
is  due  to  the  damage  of  the  walls  of  the  capillaries,  caused  by  the  im- 
perfect circulation.  The  "passive  hypcnemia  of  the  alveolar  walls  is 
accompanied  by  some  desquamation  of  the  endothelial  cells ;  and  in 
chronic  cases  breaking  up  of  exuded  blood-corpuscles  results  in  some 
pigmentation  of  the  lung-tissue,  while  the  fibrous  tissue  is  increased  in 
amount  (brown  induration). 

3.  Interstitial  or  Chronic  Pneumonia. 

Interstitial  or  chronic  pneumonia  is  characterized  by  a  gradual 
increase  in  the  connective  tissue  of  the  lung,  which  leads  to  thickening 
of  the  pulmonary  texture  and  to  progressive  obliteration  of  the  alveolar 
cavities.  It  is  commonly  associated  with  catarrh  and  dilatation  of  the 
bronchi,  and  often  with  ulceration  of  the  bronchial  walls  and  excavation 
of  the  indurated  lung  (p.  508). 

Etiology. — In  the  large  majority  of  cases  interstitial  pneumonia  is 
secondary  to  some  inflammation  of  bronchi,  alveoli  or  pleura  :  it  results 
also  from  persistent  atelectasis  or  collate.  It  may  be  stated  generally 
that  all  inflammatory  processes  in  the  lungs,  when  they  become  chronic, 
lead  to  an  increase  of  the  connective  tissue,  and  consequently  to  fibroid 
induration  of  the  organs. 
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lion  of  the  pleura  over  tin*  inflamed  :iiv:i,  and    ■ 

Spread  at  the  infection,  l>y  that  of  the  peritoneum  >D(I  (irriranlJMB. 
The  bronchial  elands  arc  inflamed  ami  swollen,  (he  ■Mirilanliiaw'  ronnw 
tivc  tissue    is    frequently  o-dematoit-,  ami    acute   P"fl1r%TJ 

occasionally  sujktvcucs.    The  disease  is  accompanied  bj  .1  liiidi 
pt-ratnrc,  beginning  with  a  sudden  rise  (p.  230),  ud  enahaj 
cfottdy  swelling  of  organs  results.     Death,  whan  it  Mom,  •ceautobt 
due  to  cardiac  failure,  induced  by  general  poisoning 

Etiology. — Tlii-  disease  was  formerly  attributed  to  a  chill,  ami.  ia 
certain  cases,  it>  connection  with  exposure  in  mid  mid  dunj 
striking,     Exposure  is,  however,  ouly  a  pred  ■;■■ 
in  but  a  small  minority  of  the  eases.     Moreover,  although  tlw  di-n-. 
is  most  prevalent  in  the  early  Boring,  it  does  not  espeekury  affect  th™» 
who  are  most  exposed  to  the  viowsitudea  of  the  Breather,  oat 
prevalence  rise  and  liill  with  that  of  bronchitis. 

Similarly,  depressed  health  i^  only  a  predisposing  suae.     Tjnalh; 
healthy  people  are  often  affected,  but  it  is  especially  bnbk  k>a 
complication    in  cases  nl'  erysipelas,  typhoid   fever,  chronic  uleohtiW 
ami   other  debilitating  di«e:iM-.      1  *n--i itit< .i u:i    i>    pi 
aataon  who  baa  once  Bufltred  from  it. 

The  disease  is  occasionally  so  prevalent  as  to  be  practically  _ 
Small  outbreaks  occasionally  occur  in  wards,  prisons,  and  -imibr  pLtrr>; 
tlie  disease  is  sometimes  endemic  in  a  bouse,  from  time  to  timr  atian>- 
iug  different  people  in  it ;  but  there  w  in  general  DO  evidence  tliat  it t* 
eontegioos. 

Pathology. — Acute   pneumonia   is  a  general    infective  discs*  is 

which  the  inflammation  of  die  lung  ia   il Irarncteristic   l--.il  l»** 

This  is  shown  by  the  typical  course  of  the  fever,  ending  H-ually  in  » 
crisis  between  the  iit'tli  and  eighth  days,  and  by  the  abseoea of  ssf 
constant  relationship  between  the  extent  of  tbe  local  inflammation  not 
the  intensity  of  the  fever.  The  gravity  of  the  distaste  is  pnipuciisal 
to  the  intensity  of  the  toxiites  at  work,  the  actual  interference  with  tir 
respiratory  function  being  only  of  secondary  importance.  Dart* 
occurs  by  cardiac  failure  resulting  from  the  toxamna,  uot  by  dtacjm 
■IwtioD  of  the  blood. 

In  the  large   Majority  of  <i-<-    tin-    di-c;i-e  i-  dm 
the  Diplococcua  pneumonia?  (p.  31 1).     l>-s-  commonly    r'rird!a.uoYr< 
bacillus,  streptococci,  or  the    bacilli    of  tubcrvulnmis,  typhoid 
diphtheria  have  been  found,  especially  in    pneumonia  •  "■urriiig  ia  U» 
course  of  other  diseases.     But  even  in  Lhesc  weooadary  pn>um<t*u9>tt* 

!    :  .  ■■  . 

■rlvmii'lun  margin  of  purumuult  arc*,  null   tiffrcrwmic  mice*:    V,  In  niw  i  laa,  11    in 

II,  nam  re  bctwvcu  ui>(kt  anil  luwcr  lubes;  £, uni  lutui ,  V,  l*>(*r  bfuocbl.  i.  ai  —  i» 

Klan.1i  ■  it li  lament ;  II.  cnnt'jlldiitval  an-*  ;  !.  I',  \\\\  huonary  >cln :  A",  .  UJuniil  m  •■>.• 
Itif  roonianiwoicDl  uf  pommum-  praesM  Imn'n  IT  and  B  Mteml  uf  ih-w  ma  ci'  • 
•ecu.  In  Ibl*  apw'lnwn,  ™dm|  '••  IA*  ufani  rut-,  lb*  pcu-n lunula  wmnwurtS  la  tM  «■■> 
!..licaiii!i|'r,'aJ  ■li.wiiuanl.  .l,alli  i[i-liIil¥  "ii  Hi.  Iinhday.    x  V 
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DiploooceiiH  pneumonia?  (nncumocoecus)  is  the  organism  moat  frcqiirfllh 
met  with.     The  precise  method  of  infection  ii  unknown. 

The  pfHUmQOOOCIH  exists  normally  in  the  nioulli,  unit  DMA  RHO^ 
be  found  on  die  surface  of  the  tonsils.  Indeed,  all  tin  <>c_--  i 
mentioned  may  lie  met  with  in  tin-  nir-passagcs  .if  pdMM  | 
pneumonia.  Experimentally, any  of  these  organumt  mai  l«'  blown  int" 
tfaa  laaohoa  without  causing  this  disease ;  bol  pneumonia  btta 
dnst  Ik1  simultaneously  injected  ;  it  i'2\  if  tfae  animals,  tftac  : 
warm,  are  suddenly  immersed  in  a  cold  hath  at  the  time  of  the  ipjtBMm 

Morbid  Anatomy. —  The  local  prooeae.  if  characterized  I 
inflammatory  byperasnia  of  tin'  lung,  ind  by  the  tocttdntfoo  of  a  brp- 
amount  of  cnagufable  material  into  the  pulmonary  linim       \ 
"  croupous  "  from  the  fibrinous  charaoter  of  die  exudation.     Tlie  term 
"  lobar"  is  applied  to  ii  because  it  almost  invariably  afli 
portion  of  the  lung.     The  process,  is  iiiiiimniilv  described  M  i 
of  three  stage) — ( 1 )  that  of  nu/tnyrment ;  {'J)  thai  oi 
and  (3)  that  of  grog  AtpafwntfMi 

In  the  firH  stage,  tluit  of  engorgement,  small  patches  of  li, 

i.nlv   visible  in   large,  thin   sections,  Ui-o intensely  hyiwnrmk  «*l 

rapidly  run  together  in  form  a  large  uniformly  engorged  dark-red  ana 
The  weight  of  thin  congested  portion  of  the  lung  is  in. -i-cascd,  itsda- 
tieity  i-  diminished,  its  substance  is  less  crepitant  and  mot*  friablr  dan 
nutiirnl,  and  its  surface  pits  upon  pressure,  On  scciioti,  it  yield- * 
reddish,  frothy,  tenacious  liquid. 

In  the  Htnotut  stage,  that  of  red  hepatization,  then-  i- 
fluid  and  binod-corpiiscles  into  the  pul monan  tissue.     Someoi  ■ 
may  also  rapture  and  small  extravasations  occur,     The  exuded  liipiid* 
coagulate  within   the  Hir-vc-ieh-  and   iirminal   It -i. ■■■:. 


i  -iiiii-M-iiispiireoi  mogulum  or. 

its  medics  (Kip-  ->7'.>).      The  Hhr 

are  tniieli   thicker  and 


:.»i,v 


irpusclee  and  : 
nts,  according  to  Weichsdtan. 

due  to  ihr  IHj.li 


pneumonia?.     (  'ontrary  to  the  usual  rule  in   acute   inflammntloM,  u* 
II n i nucleated    leucocytes   are   as    plentiful    as    the    multinucleated :   b<i 
forms  may  contain   pneiunococci.      Tin-  Inn-  i-  mm    n, 
in  the  preceding  stage,  ami  is  increased  in  sine,  bo  u  to  I -'often  marW 
by  the  rihs.      The  affected   portion  can  '"■  ro  I  -rrtio  « 

made,  for  the  plcuni  over  it  i-  hy|K>nemic.  <>pai|in  .  ' 
tihrinoiis  exudation,  while  the  distention,  firmness,  and  dark  pans' 
eolor  of  the  lung  beneath  cannot  escape  notice.  It  is  quite  solid,  «iak 
in  water,  and  eiinnut  Ik-  itrtificiiilly  intuited,  It  does  not  cn-piiats  awfcr 
the  fingers,  and  i-  remarkably  friable,  breaking  down  nwlily  ank  * 
soli  irnimdar  fracture.  The  cut  surface  has  e  granular  upjuiirancc,  «• 
. -pi  <ciall>  when  the  tissue  i-  torn.  This  is  owing  !••  the  small  ibvsb 
of  coagulated  ex  mint  ion,  which  projit't  In  mi  the  alveoli  they  fill.  Tbew 
i>  no  lohiiliitiou  of  the  margin  of  the  inflamed  urea,  nooinkiogratrm* 
nodules  or  other  indication  of  infection  spreading  by  the  bronchi.  TV 
color   i>  of  a  dark    reddish-brown,   here   and    there  pusstng  into  pir 
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Tliia  admixture  with  gray  sometimes  pvw  n  marbled  appeannoe,  The 
r<-«l  oolor  i-  due  chiefly  to  vascular  engorgement,  but  partly  to  axtmvo- 
Mted  red  oorptlsolea.  Throughout  this  stage  the  vessels  in  tin  alveolar 
walls  are  engorged,  while  the  alveolar  epithelium  is  usually  swollen 
mi  granular.  If  a  section  of  the  spreading  edge  1h'  examined  :it  this 
stage,  it  will  be  found  intensely  bypenamic  The  bypOKOUB  extends 
Irregularly  into  the  adjacent  tissue  (Fig.  278). 


kc  lobar  pneumonia  Ired  herwiiHii 

on), 

i.  klraola 

containing  fibrln-Mame 

:■■  and  a  few 

i.iisi'le*  ;  li,  alvolii*  i'hiiIi 

nine 

IlllVlT  [i 

.|l,,it!.i[l  Hi'  <  ..ri'U-'li-s:  r1 

ll'i  ■■'.  .!■■  I'LL- 

mated  UtmIh  epithelium:  i>,  m\ 

.    M< 

si  or  the 

ft]  titiuHl-cnrpntcIc*  in  t 

He  alveoli  are 

The  third  stage,  that  nt'  gray  hepatization,  is  characterised  by  a  marked 
emigration  of  leucocytes,  and  by  more  extensive  degenerative  changes  in 
the  alveolar  epithelium.  The  walls  of  the  alveoli  are  infiltrated,  and 
their  cavities  distended  with  the  emigrated  leucocytes.  The  wails 
and  the  contents  of  the  alveoli  now  assume  a  uniform  appearance,  and 
the  granular  appearance  of  the  red  stage  is  lust  ( Fig.  279).  The  fibrin- 
i  inl  next  disintegrates,  and  the  white  oils  rapidly  undergo  fatty 
Changes,  whilst  tiie  red  are  decolorized,  so  that  the  alveoli  are  seen  to  be 
full  of  granular  elements,  which  in  many  parts  have  lo-t  their  distinctive 
outlines  i  Fig.  2sui.  Occasionally,  when  this  stage  is  unusually  advanced, 
the  alveolar  walls  may  he  found,  here  and  there,  partially  destroyed. 
The  weight,  density,  and  friability  of  the  lung  are  now  even  greater 
than  in  the  stage  of  red  hepatization.  The  tissue  is  soft  and  pulpy,  and 
■  purifbrm  liquid  exudes  from  its  eut  surface.  The  most  prominent 
(feature,  however,  i-  the  difference  in  the  color  of  the  organ,     Instead  nf 
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:i  dark,  ndtsb-bTown  color,  the  section  now  appaam  ;i  pay  *>r  jn 
white,  marbled  by  tbe  traote  of  pigment-bearing  eonBeetive  n- 
pallor  is  owing  partly  to  tbe  fatty  degeneration  which  the  ■ 

undexg ■,  and  partly  t"  the  preasnre  exerctaod  upon  the  bloo 

by  the  exoded  substances  and  newly  formed  cells;  bttl 

baa  tbown  thai  ii  is  always  easy  to  inject  tbe  imiihIii,  ii  would  bbbbi  Bbb] 

ili.it  a  good  deal  of  tbe  luillnr  is  due  to  the  iitll  in  blood-fnw 

death.      Tile   ship-  iM'  lt:iv   ln-|):iti/.iilii>n,  wln-n     i!n-     nl.  ,■..■'. 

termed  "suppuration,  or  purulent  infiltration,  of  tbe  lung."    Tki*,  n 
all  probability,  only  occurs  in  liitul  num. 

Although  these  three  stages  of  the  pneun ie  proecai  bf 

deserilwd  as  succeeding  one  another  in  orderly  iiimeanitm.  El 
nmernbered  not  only  ibal  eaoh  stage  dnes  not  noonr  sinmliautwJ' 

I'll..    JSII. 


throughout  the  whole  "I"  the  affected  area  of  the  lung,  hut  thai  in  i 
cases  it  is  more  accurate  lo  speak  of  only  twn  stngM — mgnryrmni 
hepatization.  Patches  of  gray  hepatization  may  be  Cbmd  in  rw 
invaded  parts  of  the  htng.und  [latches  of  red  hepatization  in  rim* 

lions  which  were  earliest  affected.     Tl rad  cbaractemof  these  H* 

not  improbably  depend  on  the  presence  of  centres  of  rnffCtSpa,  <* 
nature  and  virulence  of  the  organism*  present,  and  on  the  b«al 
■litions  influencing  their  growth.  According  to  this  as 
exudation  first  tilling  the  alveoli    remains  unaltered   until 
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ml  disintegration  wt  in.  The  bronchi  in  the  affected  arai  art'  always 
illumed,  and  usually  contain  a  viscid,  blood-stained,  rust-colored  mucus, 
Inch  forms  the  characteristic  expectoration.  Sometimes  the  sputum 
'  .Ink  and  watery,  like  prune-juice.  This  is  probably  owing  to  the 
id  it  iuii  of  serous  exudation  from  neighboring  parts  of  the  lung. 

Terminations. — It'  the  patient  survive  tlie  stages  of  the  disease 
reiidv  deserilied,  the  pneumonic  process  will  end  in  one  of  four  ways. 

1.  Resolution. — The  gradual  return  of  the  lung  to  it*  normal  con- 
tion  is  the  most  frequent  termination  of  croupous  pneumonia.  This 
effected  by  the  tatty  degeneration  and   liquefaction  of  the  inflnmmn- 

>rv  products  which  have  accumulated  within  the  alveoli.  Thus  altered, 
it*v  are  removed  principally  by  absorption  and,  to  a  less  extent,  hy 
tpectorataotL  This  process  is  assisted  by  the  return  of  the  blood- 
•-- i'l>  to  a  norma]  condition  and  the  re-establishment  of  the  circulation. 

2.  Gangrene. — -This  result  is  rare,  and  is  chiefly  found  in  drunkards 
i>I  in   persons  of  debilitated  constitution.      Two  conditions  appear  to 

•  principally  concerned  in  bringing  about  this  result  :  (1)  the  inter- 
renoe  with  the  supply  of  blood  by  the  formation  of  coagula  in  the 
:ilmonary  and  bronchial  vessels,  together  with  considerable  hemorrhage 
ito  the  pulmonary  tissue  ;  and  (2)  the  local  toxic  influence  of  some 
•ecu!  form  of  septic  infection.  The  gangrene  is  usually  limited  to  a 
mill  area  of  the  pneumonic  lung,  and  is  either  r/i[l)i*ni  or  •■in:>tm.-«-ri!ir>t. 
i  the  former,  the  exudation  and  lung-tissue  in  the  gangrenous  area 
.no  an  ill-defined,  semi-diffluent,  dirty  gray,  fcetid  substance  ;  in  the 
.ttcr,  an  abscess  cavity  containing  a  pulpy  slough  of  similar  color  and 
lor. 

3.  Abscess. — The  formation  of  abscess  is  also  a  rare  result  of  pneu- 
umia.      It  occurs   under  condition-  similar  to  those  which   predispose 

•  gangrene,   which   indeed   it   not   infrequently   follows.     Abscess  is 

•  in ner  in   the  upper  than  in  the  lower  lobes.      It  may  follow  cir- 

umscribed  gangrene,  or  it  may  arise,  as  in  other  places,  from  the 
rowtfa  of  pyogenic  cocci  without  any  necrosis  visible  to  the  naked  eye. 
I' hen  preceded  by  gangrene,  the  necrosed  tissue  may  be  expelled 
i rough  the  bronchi,  and  the  resulting  cavity  heal  by  granulation  and 
tcsttritttion.  Abscesses  formed  in  these  ways  arc  usually  single,  and 
luu  differ  front  those  due  to  pyaemia. 

4.  Chronic  Pneumonia.— If  the  inflammatory  process  does  not  suh- 
ide,  and  the  exudation  is  not  absorbed,  the  alveolar  walls  gradually 
eeome  thickened  by  the  growth  of  fibrous  tissue.  In  rare  cases  the 
itra-ahcolar  exudation  becomes  organized.  These  changes  lead  to 
genezal  induration  of  the  affected   part  of  the  lung.     This  termina- 

ioti  of  croupous  pneumonia  is  comparatively  ran', 

2.  Lobular,  Catarrhal,  or  Bronchopneumonia. 

Bronchopneumonia  is  an  inflammation  of  the  lung,  due  to  an  irri- 
ant  entering  by  the  bronchi.  This  irritant  gives  rise  to  an  inflamma- 
ion  of  the  smaller  bronchi,  spreading  to  the  bronchioles  and.  uAvmsAv. 
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As  soon  as  tin-  miIi-hmhv  nf  the  lung  is  involved  the  term  '■  brand 
pneumonia  "  is  Applicable. 

Etiology. — Bronchopneumonia    fa    especially    frequent    in   ran 
children   nnil    in  aged  person:-,  and   often    in    such    cases  ends  foul' 

Tide  result  is  due  t.i  tin-  Interference  with  tl atnnccof  > 

the  inflamed  bronchioles,  to  the  limitation  of  tin-  o.\yg( 'inning  ann.  .-i 
io  the  absorption  of  toxins.  The  immediate  causes  of  death  are,  dure- 
fan,  asphyxia  and  cardiac  tidlnre. 

There  an1  many  irritants  which,  gaining  access  Io  (In-  air-i-a-sn.-, 
.■an  excite  taflammation  of  the  bronchioles  and  sol 
alveoli.     Among  these  but  l*c  mentioned  (1)  irritant 
of  varinn.-  kind-,  such  as  particles  of  carbon  (p.  4S>*),   sti-el,  inm,  ■ 
atone,  which  differ  in   their   irritant  qualities,   and,   therefore,  tn  the 
■oateneae  of  the  inflammation  to  which  they  give  rise ;  and  (3)  »rp»- 
isms,  of  which  the  most   important  is  the  Bacilhu  taberonl 
bronc  ho  pneumonia  is  the  principal   lesion  in  pneumatogemai  pjuW 
nary    tuberculosis.    (jtlitJiini*),      Not    infrequently    the   growth  of  tt* 
pneumococona  may  sot  as  the  immediate  can-'1  ip.  313). 
septic  organisms,  conveyed  with  portions  of  food  or  of  Ndivs,  nan 
enter   the  air-passages,    cspceisdlv    when    the   glottis    i-    in-  : 
paralysed.      Blood    and    putrid    discharges    may    !»•    s-nckM    inin  irr 
bronchi  during  operations  on  the  month  or  noee,  or  wfaem  they  otfR 
in  wounds  or  diseases  of  these  parts.     Among  other  ■ 
may  enter  the  lungs  by  aspiration  are  the  actinomvcea  and  the  badUi 
of  diphtheria  and  of  glanders.     14)  Bronchitis,  whetl 
earring  in   specific  diseases    such   as    measles,    wnooprngMamgh,  •»" 
variola,  is  a  common  antecedent  of  bnmebopneumonit. 

All  conditions  depressing  the  gem-nil   health  and  strength  prwuV 
pose  to  l>roiH'ho|iiifntnoniu.      ( '"I lapse  .if  H-att.i-^1    I.  .1 
to  precede  the  inflammation,  and,  by  interfering  « itli  the  cinidat**  » 
the  affected  alveoli,    may  weaken   the  resistance  of  the  tissues.     B"t. 
whenever  bronchitis  has  reached  the  small'-  a  imoftk 

infiammation  to  the  alveoli  may  occur  without  collapse. 


Pathology. — Bronchopneumonia  has  been  produced  esq 
Animals  have  la-en  made  to  inhale  irritant  gases  or  Hnpeaded  partirln 
of  various  kinds.  Further,  by  division  of  the  vagus,  saliva  and  W 
have  lieen  permitted  to  enter  the  air-passages.  The  resulting  cheap*- 
vary  ( I )  with  the  war  of  the  inhaled  particles,  and  ('_')  with  the  i*ln*lf 
of  ll«    irribiHim  which  they  arc  capable  of  i  .  vwylar 

imriicles  cause  in  flam  mat  ion  of  wide 1 1  separated  lobules  ;  largrr  ••» 
block  some  of  ihc  smaller  brotiehi,  and  cans.'  collapse  and  seeoa<Wr« 
inflammation  of  lobules — results  which  have  led  to  the  nann-of  "  lobaW 
pneumonia."  The  aspiration  of  a  ipututity  of  septic  discharge  ta-aths 
fluid  into  si  bronchus  may  affect  man;  lobules  or  even  a  whole  hht 
According  lo  the  intensity  of  the  inhaled  irritant,  the  n-nlt  may  tin 
from    slight    inflammatory    ivdeina    in    a    collapsed    patch,    through  «B 


■ 
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■  iil"  -  "I  inflammation  up  to  gangrene.  In  tlw  tubercular  form  (p. 
162)  the  inflammatory  products  caaeate.  Not  Improbably  the  three 
nodes  in  which  tuberculosis  i>  conveyed — by  the  air-passages,  by  the 
jIihhI,  and  by  the  lymph — also  hold  good  in  the  case  ol  other  forms  of 
vonohopnenmoma.  In  the  case  of  septic  wounds  which  are  followed 
•v  this  affection  i>f  the  lungs,  the  infection  appears  to  he  conveyed  by 
in-  lymph  or  blood. 

Morbid  Anatomy. — The  bronchi  are  always  more  or  less  inflamed 
i ml  Contain  thick  mucus.  The  lung-tissue  Contains  a  varying  number 
if  solid  patches,  dua  either  to  (1)  coBapm  or  to  (2)  inflammatory  ron- 
oSdatton,  Emphysema,  with  more  or  less  congestion  and  o?dema,  in 
omrnonly  tbuud  in  their  neighborhood. 

Collapsed  patches  are  particularly  common  in  the  lower  lobe, 
specially  along  its  thin  borders.  Sometimes  a  large  portion  of  a  lobe 
3  thus  involved  ;  at  other  times  only  a  few,  small,  isolated  patches, 
"ho  surface  <>>'  the  collapsed  part  is  depressed  below  the  general  surface 
t  the  lung.  It  has  a  dark  bluish  color,  and  is  easily  inflated  from  the 
ironchi.  On  section,  it  is  dark-red,  smooth,  and  shiny.  It  is  tough 
ml  noii-crepitunt,  and  portions  of  it  sink  in  water.  On  closer  inspec- 
ion  the  patches  are  seen  to  be  more  or  less  conical,  with  their  bases 
award  the  surface  of  the  lung  and  their  apices  toward  the  bronchi 
(*itb  which  they  arc  in  connection.  The  pleura  over  a  patch  of  col- 
t[wil  lung  is  uormal. 

Pneumonic  patches  are  of  conical  form,  and  are  airless,  like  the 
ollapsed  parts;  moreover,  they  are  similarly  distributed.  But  the 
ase  of  a  pneumonic  patch  is  raised  above,  never  depressed  below,  the 
urtace,  male  the  patch  forms  a  less  pliable  and  more  nodular  mass. 
feoBBJOnally,  when  it  is  of  considerable  size,  its  pleural  covering  may 
e  opaijue  with  inflammatory  exudation.  On  section,  pneumonic 
atclies  may  be  clearly  defined,  but  their  outlines  are  generally  less 
i-itiiu't  than  those  of  collapsed  patches;  they  usually  range  in  size 
:-..in  that  of  B  pea  to  a  I ii i vA -nut.  The  surface  of  the  section  tends  to 
ise  slightly  above  the  surrounding  tissue  :  the  substance  is  soft,  friable, 
I i-.iipi (-looking,  smooth  or  faintly  granular,  at  first  dark-red  in  color, 
it-ii  passing  through  grayish-red  to  grayish-yellow — the  lighter  color 
sing  central.  A  turbid  reel  or  grayish  juice  can  lie  pressed  from  it. 
i'figl i boring  lobular  patches  often  blend,  and  as  the  diffuse  eonsolida- 
oii  thus  formed  becomes  paler,  firmer  and  drier,  it  may  occasionally 
iscmble  in  appearance  ordinary  gray  hepatization.  Sometimes  the 
BMUnomc  process  is  found  involving  patches  of  collapsed  lung  ;  these 
■  iis''.|Ocntly  become  swollen,  opaque,  and  cedematous. 

When  bronchopneumonia  i>  ">  extensive  that  the  consolidation  is 
ractically  "  lobar,"  it  is  difficult  to  distinguish  ii  from  acute  pneumonia. 
Evidence  of  the  blending  of  lobular  masses,  and  especially  the  pres- 
ii. -i-  of  outlying  patches  in  the  neighliorlniod  nf  the  main  mass,  are  the 
u>st  important  point**  to  look  for.      The  absence  of  adherent  inflamma- 

■   exudation    from    the    pleural    surface    is    evidence   against  acute 
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pneumonia;  but  it  mart  be  remembered  that  ea  «k4  t»uoVlMi 
form  over  a  bronchopneumonia  Bra,  its  pramw  ■  of  little  pi 
mimic  importance. 

In  septic  b rnn eho pneumonia — the  commonest  cause  of  death  «IW 
operations  on  the  jaw,  mouth,  ami  pharynx — the  pneumonic  p.t-'l«- 
suppurate.  The  ubxrtwx  thus  formed  arc  sometimes  to-rid  :itnl  <>■: 
tain  sloughs  of  lung-tissue  ;  such  sloughs  are  surrounded  by  menx 
leas  extaoaive  consolidation ;  ami  inflammatory  hvj>cnemia  and  <nlrm 
of  the  lung  arc;  marked. 

Microscopical ly,  in   the  earliest  ret!  stage,  the  alveoli  contain  tinnl. 
red  corpuscles,  and  a  few  leucocytes,  while  the  alveolar  tyatadaw  i 
swollen  and  granular.     The  alveoli  rapidly  become  filled  sri 
mass,  consisting  of  leucocytes  and  desquamated  epithelium  in  nr/if 
]iroportion.s — leucocyte.*  Iwing  in  excess   iu   the  more  acute  | 


Brou  c  h  opTMO  m  lpi  1 1  •     Sh  i>»  I  n*  I  li  I  <■  V  e  n  1  us 

miiii  doqiuoutloii  '.f  tin-  Uttlor  Into  the  alrroli.  (Joni  Willi  uiucu*  and  nidi  IiWP* 
The  alrwUi  wall  |>  breaklnf  down. 

and  epithelial  cells  in  the  more  chronic  forms.  In  the  mosrt  aeoteo** 
(septic  bronchopneumonia),  either  suppuration  and  sloughing  ocear,  of 
hemorrhagic  exudation  with  subsequent  gangrene. 

Contrast  with  Lobar  Pneumonia. — In   bronchopneumonia  the  aa*4 
is  gradual  and   the    termination    by    lysis,   as  opposed    to   the  foifca 
onset  and  critical    defervescence  of  Inbur  pneumonia  ;  the  temptnUf* 
Ls  of  the  remittent  or  intermittent  type,  instead  of  a  continued 
the  consolidation  j-  lobular,  instead  of  lolmr,  in  distribution  ; 
are    tilled  chiefly    with  desquamated  endothelial  cell-,    lru<    - 
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icoifl  exudation,  a«  contrasted  with  the  contents  of  the  air-cells  in 
ttte  pneumonia,  which  are  first  hlood-eorpusales  and  fibrin,  and,  later 
,  leucocytes ;  the  walls  of  the  alveoli  are  considerably  thickened  in 
i>iicho[ineumonia,  niiK'h  less  affected  iu  lobar  pneumonia. 

Terminations. — Resolution  is  the  most  common  termination.  The 
utents  of  the  alveoli  undergo  fatty  degeneration,  and  are  removed  by 
pectoration  ami  absorption,  the  lung  gradually  regaining  its  normal 
aracter.  This  process, however,  is  less  readily  effected  than  in  croup- 
13  pneumonia,  and  it  often  occupies  such  a  lengthened  period  that  some 
lickciiing  of  the  bronchial  and  alveolar  walls,  with  dilatation  of  the 
nailer  bronchi,  remains.  In  chronic  cases  this  fibroid  thickening  is 
wre  market!,  and  much  irregularly  distributed  induration  may  occur 
wonipanicd  by  pigmentation  and  bronchial  dilatation  (p.  492).  In 
nese  chronic  forms,  caseation  sometimes  affects  the  alveolar  contents, 

hieh  then  become  eucapsuled,  or,  in  quite  exceptional  cases,  absorbed  ; 
m  such  cases  are  usually,  if  not  invariably,  tubercular. 

Hypostatic  Pneumonia. — Allusion  must  be  made  to  a  form  of  consoli- 
ition  which  is  often  described  as  pneumonia,  but  which,  for  the  mast 
irt,  is  not  inflammatory  in  its  nature.  This  is  the  so-called  "  bypo- 
■tie.  pneumonia."  This  condition  is  met  with  at  the  bases  and  most 
pendent  portions  of  the  lungs  in  the  course  of  both  chronic  ami  acute 
■i'-i.-e.-,  and    alsn  in  the  aged  ami  debilitated.       ll  consists    in  the  main 

collapse,  passive  hyperavuia,  anil  redema  of  the  lung-tissue,  resulting 
>m  weak  inspiratory  power,  feeble  circulation,  and  gravitation.  The 
"isnlidalinn  thus  mechanically  induced  is  increased  by  more  or  less  ex- 
lution  of  fluid  and  blood-corpuscles   into  the  alveoli.      This  exudation 

due  to  the  damage  of  the  walls  of  the  capillaries,  caused  by  tbe  im- 
erfect  circulation.  The  'passive  hypenemia  of  the  alveolar  walls  is 
eeompanied  by  some  desquamation  of  the  endothelial  cells  ;  and  in 
amine  cases  breaking  up  of  exuded  blood -corpuscles  results  in  some 
^mentation  of  the  lung-tissue,  while  the  fibrous  tissue  is  increased  in 
mount  {liimrii  Mtrfuno&m). 

3.  Interstitial  or  Chronic  Pneumonia. 

Interstitial  or  chronic  pneumonia  is  characterized  by  a  gradual 
Corease  in  the  connective  tissue  of  the  lung,  which  leads  to  thickening 
'  the  pulmonary  texture  and  to  progressive  i  ml iteration  of  the  alveolar 
vities.  It  is  commonly  associated  with  catarrh  and  dilatation  of  the 
mi'  hi.  and  often  with  ulceration  of  the  bronchial  walls  and  excavation 
'  the  indurated  lung  (p.  508). 

Etiology. — In  the  large  majority  of  cases  interstitial  pneumonia  is 
oondarv  to  some  inflammation  of  bronchi,  alveoli  or  pleura  :  it  results 
so  from  persistent  atelectasis  or  collapse.  It  may  be  stated  generally 
at  all  inflammatory  processes  in  the  lungs,  when  they  become  chronic, 
id  to  an  increase  of  the  connective  tissue,  and  consequently  to  fibroid 
Juration  of  the  organs. 


ZUBSi&KS  Of  SPECIAL   TI88UB&    i  ■ 


I 


E 


Congenital  syphilis  gives  riae  to  a  gummatous  inflammation,  sndil* 
a  diffuse  interstitial  pneumonia  fockite  pnsumoiiM).     Th- 
characterized    by    fibrosis    with    prolifi ration    and   disqpamatioi 
alveolar  epithelium.      In    adults,  syphilitic  changa    a    tbc    kmj  w 

E  robs,  hi  y  rare  ;  Imt  it  is  impossible  to  bo  certain  of  the  nature  of  mum 
lealized  fibroid  changes. 
The  chief  causes  of  interstitial  pneumonia  are  : 

1.  Croupous  Pneumonia. — The  consolidation  of  :u -utc  oroupm 
monia  usually  undergoes  complete  and  rapid  resolution  :  but  OOOI 
this   is   more   protracted.      Then    the    hepati/ed    Inn;;    b  n.l 
.-lightly  indurated,  mainly  owing  to  thickening  of  the  wall- 
alveoli,  and  sometimes  to  organization  of  their  contents.      This  induntni 
hfPltJBntifl  differs  but  little  in  its  physical  characters  from  ordiniin  rt<l 
and  gray  bepatisation  ;  the  lung  is,  however,  firmer,  more  resistant, ml 
ten  granular. 

2.  Bronchopneumonia. —  Bronchopneumonia  is  a  re  frcipirnl  can* 

than  the  preceding.     The  greater  liability  of  this  firtm  of  |Kirumonii:< 
lend  to  pulmonary  induration  is  to  be  accounted  for  partly  by  ii-  baj 
duration  and  greater  tendency  to  become  chronic,  and  partly  hi 
istence  of  bronchial  dilatation,  with  wbich  il  ia  bo  IVeqtWQUj  i 
(p,  492).     The  existence  of  this  dilatation  favors  lbs  pi  I 
catarrhal  and  pneumonic  process.     Tbe  removal  of  secretion  i*  n-fnlfml 
difticult  ;  and  tbe  retained  secretion  tends  to  keep  up  and    inereaw  ttV 

irritative  process  both   in     the    dilatnl    IfCum-hi    and     the    :d 

paraiatenceof  the  bronchia]  and  pulmonary  inflammation  loach 
thiokening of  the  bronchial  and  alveolar  wall.-.      In  li. 
fibroid  induration  are  produced,  which,  ae  the  proosM  extanda,  may  ulti- 
mately involve  large  portions  of  the  lung.     The  nrograwve  tendrnci 

of  the  process  i-,  probably,  partly  to  !»■  explained  by  tbe  fact  that  jhiI- 
monary  fibrosis  is  itself  a  cause  of  bronchial  dilatation.    When,  th 
fibrosis  is  once  established,  the  new  tissue  in  contracting  tndn.  - 
dilatation  of  the  bronchi ;  and  this,  again,  as  before  explained,  la 
still  fortber  extension  of  the  bronchial  and  pulmonary  i  nihil  alii 

Under  this  head  may  also  be  included  those  cases  of  induration  taJ 
ulceration  of  the  lung  which  result  from  obstruction  o/n  main  br»MAn*— 
such  as  is  produced  by  tlie  pressure  of  an  aneurism.  Here  the  retained 
bronchial  secretion  sets  up  inflammatory  change*  in  the  bronchial  andan*- 
olar  walls,  which  gradually  lead  to  induration  ami  ulceration  of  tbelnnf 

3.  The  Inhalation  of  Solid  Irritating  Particle*. — This  is  the  romm*- 
est  cause  of  interstitial  pneumonia,  leading  to  the  fibrosis  of  the  long* 
common  among  miner.-,  jHiiters,  stonemasons,  grinders,  and  others.  Th* 
continuous  Irritation  of  tbe  inhaled  particle  induces  a  bronchial  ami 
alveolar  inflammation,  and  ultimately  a  progressive  tibr-i-.  mil  i' 
tation  and  ulceration  of  the  bronchi  (p.  508).  Such  cast*  often  brraat 
tuberculous. 

4.  Pleurisy. — This,  in  exceptional  cases,  had-  to  the  development*' 
an  interstitial  pneumonia.     Such  a  result  i.-  most  likely  bo  ■»■  urin  ti 


s  of  plei 


,-  which  an>  more  or  less  chronic,  and  i 
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sion  remains  lung  unabsorbed.  The  induration  thus  induced  is  often 
partial,  consisting  merely  in  an  increase  of  tlie  interlcibuliir  connective 
tissue,  originating  and  extending  inward  :is  dense  bunds  from  the  thick- 
ened visceral  pleura.  In  other  cases,  pleurisy  gives  rise  to  a  much 
more  general  fibrosis. 

5.  Atelectasis,  or  failure  of  part  of  the  lung  to  expand  after  birth, 
■ad  persistent  collapse  lead  to  marked  fibrosis  of  the  affected  area. 
Later  on,  bronchiectasis  and  obliteration  of  most  of  the  alveoli  occur. 
The  original  positions  of  the  latter  may  be  merely  indicated  by  a  few 
epithelial  cells. 

Morbid  Anatomy. — The  appearances  presented  by  the  long,  when 
Fin.  282. 
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dub  cli an kb.  The  drswimtshonx 
ii  Ihe  Interlobular  tissue  |r),  also 
higher  power.  *  delicate  rettcu- 


Interstitial  pneumonia,  from  a  esse  of  iiiulut 
much  dilated,  and  there  was  a  CMBplMa  aJ» 
the  new  fibrous  growth,  both  In  tin-  alveolar 
the  pigmentation.  At  In)  a  divided  artery  i; 
lam  i*  visible  between  the  cell  elementi.     :■: 


the  fibrosis  is  general  and  well  advanced,  are  very  characteristic.  The 
organ  is  diminished  in  size ;  the  tissue  is  smooth,  dense,  firm — in  parts 
;iliu<.-r  cartilaginous  in  consistence — and  is  irregularly  mottled  with 
black  pigment.  The  alveolar  structure  of  the  lung  is  in  most  part 
completely  destroyed,  and  on  section  the  diluted  bronchi  are  seen  as 
numerous  large  openings  scattered  over  its  surface.  These  dilated 
bronchi  frequently  become  the  seats  of  secondary  inflammatory  proc- 
esses, which  may  lead  to  ulceration  and  ultimately  to  extensive  excava- 
tion of  the  indurated  tissue;  but  there  is  a  complete  absence  of  any  of 
those  caseous  changes  which  are  so  characteristic  of  pulmonary  tuber- 
culosis. This  secondary  inflammation  of  the  dilated  bronchi  is  induced 
by  the  irritating  and  often  putrid  secretion  which  they  contain,  and  which 
is,  u  i  rule,  incompletely  removed  by  expectoration.  The  pleura  is 
soondentbly  thickened  and  generally  adherent. 

Microscopically,  fibrous  tissue   is  found  in   the  interalveolar,  peri- 
bronchial, and   interlobular  connective  tissue.      This  new  growth,  as  it 
and  oontracts,  gradually  replaces  and  obliterates  the  alveolar 
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structure.      The   character  of  these  changes,  liowcvrr,  VI 
ai'Oirnlin.i:  t"  the  nature  nf  the   eau-c.      \Yhen  the  re-nil 
pneumonia,  the  primary  change  takes  plane  in  the  wall-  ■>('  ihtaMl 
(Fig.  262),  although  ultimately  the  interlobular  tissue  m  involved. 


ni 

a. 


ncd  tij  a  aittva  (re** 


alveolar  walls  become  thickened  liv  the  growth  of  filin»n>  ii«iue.    Th» 
new-growth,  in  its  earlier  stages,  contains  new  btoodveaavav  bet  ■■■ 
on  the  tissue  contracts,  and  many  of  these  are  doriroytiL     Thi-  alwJrf 
oavities  which  are  not  obliterated  are  either  empty  or  eonoun  iroa*- 
(ion-products  or  a  few  epithelial  cells.     Cases  occur  in  w  hich,  in 
to  the  growth  in  the  alveolar  walls,  the  intra-alveolar  a ; 
organized.     There  ia  nothing  peculiar  in  the  m-' 
Ihe  lunge,  and  many  of  the  alveoli  are  lilled  with  leucocytes  mid  a  films- 


ChHHiir  pni'iinuiiiin.    A  potttoa  urttae  mtm-nL 
magnlfM      Fhnwlng  the  el<m|MwI 
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.his  meshwork,  similar  l.i  licit  mil   with  in  red  hepntu 

The  contents  of  Home  of  the  alveoli    differ,  however,  in  thi-  r 


DISEASES  OF  THE  RESPIRATORY  ORGANS. 


481 


that  many  of  the  cells  are  long  and  spindle-shaped,  and  bloodvessels 
are  distributed  among  them,  communicating  with  those  in  the  alveolar 
walls  (Figs.  283  and  284).  These  changes  are  often  confined  to  the 
parts  adjacent  to  the  pleura.  The  affected  areas  are  ill  defined,  as  they 
pas*  gradually  into  the  normal  lung-tissue. 

When  the  fibrosis  is  secondary  to  an  ordinary  bronchopneumonia,  or 
to  that  induced  by  the  inhalation  of  irritating  solid  particles,  the  alveolar 
walls  are  also  involved,  though  the  peribronchial  and  interlobular  con- 
nective tissue  plays  a  more  prominent  part  in  the  process  (Fig.  285), 

The  pleurogenic  form  results  chiefly  from  empyema ta.  In  these 
cases  the  new  fibrous  tissue  extends  inward  in  bands  along  the  inter- 
lobular lymphatic  vessels,  which  communicate  freely  with  those  of  the 
thickened  pleura ;  thence  it  spreads  to  the  peribronchial  tissue.  The 
lung  is  thus  surrounded  by  a  dense  capsule,  and  a  mesh  work  of  anas- 
tomosing fibrous  bands  permeates  its  substance,  obliterating  many  of 
the  alveoli  and  leading  to  bronchiectasis.  More  or  less  bronchitis  is 
usually  present 

Atelectasis  and  coHttpse  are  said  to  lead  first  to  slight  hemorrhages. 


Chrunic  bronchilta  and 
bronchus  (b).  niul  Ihi 
r.  ■  divided  artery. 


adjacent  alveoli; 


The  subsequent  changes  in  the  haemoglobin  lead  to  the  formation  of 
some  of  the  black  pigment  usually  found  in  fibroid  areas  due  to  this 
cause  (p.  487).  The  alveolar  walls  become  fibrous,  the  epithelium  is 
more  or  less  shed,  and  the  surfaces  of  the  walls  ultimately  cohere. 


Vesicular  Emphysema. 

Vesicular  emphysema  consists  essentially  in  a  permanent  over- 
distention  of  the  infundibula  and  air-cells  due  to  atrophy  of  the  inter- 
vening septa  and  to  general  diminution  in  the  elasticity  of  the  lungs. 
It  should  be  distinguished  from  the  acute  overdi  stent  ion  often  seen, 
especially  in  children,  after  death  from  bronchitis  or  whooping-cough. 
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The  condition  of  the  lungs  met  with   in  these  diseases  is  sometimes 
called  "  acute  emphysema." 

Varieties. — Two  varieties  are  described :  (1)  Hypertrophic  or 
"  large-lunged  "  emphysema — by  far  the  most  important,  and  always 
indicated  when  the  term  "  emphysema "  alone  is  used ;  (2)  Atrophic, 
small-lunged,  or  senile  emphysema. 

1.  In  hypertrophic  emphysema  the  lungs  are  enlarged,  sometimes  so 
much  that  they  actually  cross  in  the  mid-line  in  front,  obliterate  the 
superficial  cardiac  dulness,  project  into  the  neck,  and  push  down  the 
diaphragm.  Owing  to  the  loss  of  their  elasticity  the  lungs  collapse 
but  sliglitly  when  the  chest  is  opened,  and  their  usually  sharp  edges 
(in  front  and  round  the  base)  arc  pale,  thick,  round,  and  more  or  less 
irregular  from  the  protrusion  of  soft,  pale,  rounded  swellings.  Similar 
swellings  frequently  project  toward  the  diaphragm ;  the  tongue-like 
piece  of  the  left  lung  below  the  notch  is  often  extremely  swollen,  and 
the  lungs  may  bear  distinct  grooves  corresponding  to  the  ribs.  Every- 
where, in  advanced  cases,  the  air-cells  are  seen  through  the  visceral 
pleura  with  abnormal  distinctness ;  but  the  apices  and  sharp  edges  art1 
first  and  chiefly  afleeted,  and  spaces  of  considerable  size  are  here  met 
with.     Abnormal  pigmentation  is  usual.     The  lungs  feel  much  like  a 


down-pillow,  they  "  pit  "  easily,  and  crepitate  but  little.     On  section, 
the  emphysematous  parts  arc  pale,  dry  and  bloodless,  and  when  large 
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spaces  are  present  in  the  part  cut,  the  collapse  of  the  affected  area  is 
vers*  marked. 

Microscopic  investigation  shows  :  that  the  dilatation  commences  in 
the  infundibnla,  and  extends  thence  into  the  alveoli  opening  into  it ; 
that  the  interalveolar  septa  atrophy  and  ultimately  become  perforated, 
their  elastic  fibres  yielding  and  then  disap|>caring ;  that  the  stretched 
capillaries  become  thrombosed,  and  then  likewise  vanish.  The  aper- 
tures in  the  interalveolar  septa  enlarge  ;  and  others  form  later  between 
the  infundibula  :  thus  are  develojjed  irregular  cavities,  which  are  some- 
times as  large  as  a  filbert.  The  largest  are  situated  in  the  pale,  rounded, 
bleb-like  swellings.  Fatty  degeneration  of  the  alveolar  epithelium  is 
commonly  present,  and  is  probably  secondary  to  vascular  disturbance. 

The  obliteration  of  capillaries  in  the  stretched  or  destroyed  alveolar 
walls  necessarily  causes  some  obstruction  to  the  pulmonary  circulation. 
This  is  followed  by  hypertrophy  of  the  right  ventricle  of  the  heart. 
By  this  means  the  increased  resistance  in  the  pulmonary  circulation  is 
overcome  (p.  448).  The  communications  between  the  pulmonary  and 
bronchial  vessels  become  dilated.  The  connective  tissue  round  the 
smaller  bronchi  may  be  increased  as  the  result  of  bronchitis. 

Result*. — The  atrophy  of  the  elastic  tissue  of  the  lung,  by  diminish- 
ing the  expiratory  movements  of  the  chest,  lessens  the  normal  inter- 
change of  gases.  As  a  result,  the  blood,  which  is  thus  inefficiently 
aerated,  stimulates  the  respiratory  centre  to  an  unusual  degree,  and  thus 
gives  rise  to  deeper  inspirations,  which,  in  the  absence  of  the  normal 
elasticity  of  the  lungs,  lead  to  a  permanent  enlargement  of  the  thorax — 
the  so-called  "  barrel-shaped  chest." 

2.  Atrophic  emphysema  occurs  usually  in  thin  old  ])cople  who  seem 
to  Ik*  undergoing  general  atrophy.  The  lungs  during  life  may  leave 
the  heart  unduly  exposed ;  when  the  thorax  is  opened  they  collapse 
excessively,  falling  together  "  like  an  inflated  bag  of  wet  paper  "  (Jen- 
ner).  They  are  excessively  pigmented,  and  their  apices  and  bottlers, 
even  after  collapse  has  occurred,  usually  show  appearances  like  those  in 
the  large-lunged  variety,  and  are  due  to  similar  naked-eye  and  micro- 
scopic clianges.  In  this  form,  apparently,  the  elastic  tissue  is  not  so 
generally  affected  as  in  the  hypertrophic  variety.  , 

Etiology. — All  conditions  which  (1)  increase  the  pressure  on  the 
inside  of  the  air-vesicles,  (2)  which  withdraw  the  supjx>rt  normally 
furnished  by  the  surrounding  parts,  or  (3)  which  weaken  the  alveolar 
walls,  may  act  as  causes  of  emphysema. 

1.  Increase  of  Intra-alveolar  Pressure. — Increased  pressure  in  the 
air-cells  may  l>e  due  to  violent  expiratory  efforts  with  closed  glottis,  as 
in  coughing ;  to  violent  muscular  efforts  in  which  the  glottis  is  closed 
and  the  thorax  distended  ;  and  to  the  blowing  of  wind  instruments. 
Those  j>arts  of  the  lungs  which  are  least  supjmrted — the  apices  and 
edges — will  be  most  distended.  This  is  the  expiratory  theory  of  Jen- 
ner.  Emphysema  due  to  these  causes  may  be  primary,  but  more  often 
is  associated  with  chronic  bronchitis. 
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2.  Withdrawal  of  External  Support  from  Alveoli. —  liy  HUN 

lapse,  compression,  ■»•  coiisuliilati the   entrance  of  air  into,  and  n* 

consequent  expansion  of,  any  part  of  a  long  may  !»■  interfered  wiik 
Such  portion*  will,  doling  inspiration,  afford  less  support   ni 

oella  in  their  i tediate  neighborhood,  and  these  air-cells  wiU 

[end  Ed  become  more  distended  than  those  in  other  parts.     - 
when   from    the   same   cause  a  whole  lung   fails  to  expand, 

stretches  over  toward  it,  and  even  the  Itsatinal  oontonta  i 

placed   in  the   same  direction.     This  form  of  empty 
pwor&HWj  oompauatory,  or  uamdm-i/,  ami  tin-  explanation  ..f  it*  cam*. 
tion  is  known  as  the  inspiratory  theory.      It  i-  frequentl]  found  in  tb* 
neighborhood  of  localised  fibroid  change-  (|i.  4*0). 

3.  Weakening  of  the  Alveolar  Walls. — Thin  weakening  may  hr  dar 
to  (n)  the  atrophy  and  low*  of  elasticity  which  accompany  oJd  »t*— 
the  most   important  element  in  the  causation  of  atrop! 

(ft)  atrophy  following  the  stretching,  narrowing, I  oblitenttoa  af  ths 

I ili »"l vessels,  which  in  its  turn  is  a  resull  of  overdJatentioH  of  the  iif 
cells  from  any  of  the  causes  before  mentioned  ;  ami  M  tnhcHrrd  swk- 
nen  (emphysema  may  run  in  families),  -t  weakm  ■  ■  d  i 
feretiee  with  their  nutrition,   from   the  mode  of  living  or  other  awtt 
(P-  44). 


Bronchiectasis. 

In  many  different   varictii-   nl'   ■■hnniie  1  un^-<] i- : 
lulu'.-  are  occasionally  fbnud  dilated.     The  dilatations  an  w»t  fs> 
quently  found  in  the  lower  lobes,  and  may  lie  cylindri 
sacculated,      in  Borne  cases  die  most  casual  inspection  shows  the  nsV 
•  i"n-[,'|.  of  the  dilatation  t<i  the  ordinary  tube  :  in  others,  it  is  only  da 
gradual  expansion  -if  the  bronchial  tube  on  oacfa  aide  of  Ibe  resslnsg 

Cavity,    Ulld    the    discovery,    n  n  L<  i-  >^<-ii|>i<  •:>  J  ly .   in     lln'    ti        i 

the  latter,  of  some  of  the  rudiments  of  the  original  brooobjal  wall  tint 
elucidate  the  nature  of  the  lesion,  This  is  especially  tin-  ease  in  s*at 
instances  of  the  sacculated  form,  in  which  die  cavities  an  large  sod 
irregular,  and  their  walls  composed  principally  "!'  Gbrou 

The  causation  of  bronchiectasis   is,  in    ureal   measure,  nnalopm>  H' 
that  of  emphysema.     The  principal  forces  concerned  ai 
creased  pressure  within  the  lumen  of  the  tube  lending  Ui  dilaa 
weakest   point — such   pressure  oeeurring  during  either  in- pin  tic*  t 
expiration;  (2)  weakening  of  the  wall   of   the   TiiIm-   throosv    I 
inflammation,  or  ulceration;    and   (It)    traction   upon    die   walk  is*  ll* 
tulies  cxcrtcii  by  bands  of  cicatricial  tissue  in  tin-  lungs.      Th> 
usual h   ael   in   eombinatiou  ;   it  will    therefor  to  oonsifcf 

them  together. 

The  only  y»«l   example-   of    In- liiectiitie  eavitii 

changes  in  pressure  i-ccur  in  those  eases  of  congenital  nt.lntwa  at 
whieli  the  alveoli,  in  the  whole  or  pari  of  a  lung,  are  unable  to  exfaaaL 
The  a.i  nl'  inspiration,  liy  causing  a  Mom  ol'  air   into  all  those  park  a 
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direct  communication  with  tlic  trachea,  not  only  distends  each  normal 
alveolus,  but  also  thereby  affords  support  to  those  in  its  immediate 
neighborhood.  Those  alveoli  immediately  in  contact  with  the  impcr- 
fertcctly  developed  portion  ot  the  ltiii^c  will  undergo  emphysematous 
changes.  The  resistance,  however,  which  the  young  elastic  tissue  offers 
to  tlii-  overdistention  will  in  the  same  way,  by  lessening  the  rapport, 
same  dilatation  of  the  pervious  lironeliial  tulies  imbedded  in  the  interior 
of  the  unexpended  portions.  These  bronchial  tubes  will  accordingly 
gradually  distended,  and  may  frequently  develop  club-shaped 
terminations. 

Acute  hi'  ofaronic  inflamniation  of  the  bronchial  tubes,  especially  in 
children,  la  often  accompanied  by  a  slight  amount  of  dilatation  of  the 
cylindrical  or  fusiform  type,  combined  with  slight  emphysema.  This 
tepends  partly  on  the  inflammatory  weakening  of  the  muscular  and 
elastic  tissues  in  the  walls  of  the  bronchial  tul.es,  and  partly  upon  the 
increased  expiratory  pressure  in  coughing,  combined  with  the  traction 
exerted,  especially  during  inspiration,  by  the  ordinary  clastic  tissue  of 
the  lung.  Should,  however,  septic  organisms  lodge  in  a  tube  so  dilated, 
and,  by  setting  up  a  slow  suppurative  inflammation,  still  further  weaken 
a  portion  of  its  wall,  the  forces  just  mentioned  will  lead  to  the  formation 
if  an  extensive  cavity,  with  ragged,  irregular  walls.  As  a  rule,  however, 
inflammatory  changes  in  the  bronchial  tubes  do  not  lead  to  much  dilata- 
tion unless  there  is,  in  addition,  some  obstruction  to  the  entry  of  air  into 
the  alveoli.  This  combination  is  well  illustrated  in  the  local  bronchiectasis 
— not  uncommon  in  children — which  occurs  as  a  result  of  bronchopneu- 
monia or  persistent  collapse  of  the  lung.  In  such  eases,  the  air  being 
unable  to  enter  the  alveoli,  tends,  during  inspiration,  to  dilate  the  tubes, 
the  walls  of  which  are  weakened  by  the  bronchitis,  and  unsupported  by 
properly  filled  surrounding  alveoli.  The  accompanying  cough  will  act 
-till  more  effectively  in  the  same  way ;  for  during  expiration  the  air, 
which  woald  by  this  means  ordinarily  l>e  driven  into  and  ovcrdistend 
the  alveoli,  would,  under  these  conditions,  tend  instead  to  dilate  the 
weakeucd  tubes.  As  a  result,  the  affected  portion  of  lung  presents,  on 
■ieetion,  a  large  number  of  small  holes  about  one-eighth  of  an  Inch  or 
nore  in  diameter.  Should  the  inflammation  become  chronic  this  dilata- 
tion will  become  more  pronounced:  partly  because  chronic  inflamma- 
i..ii,  when  it  affects  the  bronchial  titles,  leads,  as  it  does  elsewhere,  to 
replacement  of  the  muscular  and  clastic  elements  by  a  connective  tissue, 
which  b  easily  stretched  in  its  early  stages  ;  and  partly  because  there  is  an 
ncrease  in  the  inter-tit  ial  fibrous  tissue  of  the  lung  which,  later  on,  tends, 
a.-  it  contracts,  to  pull  upon  the  walls  of  the.  tubes,  as  explained  below. 
The  contraction  of  chronic  inflammatory  fibrous  tissue  throughout 
he  long  is  often  regarded  as  an  important  factor  in  the  production  of 
•bronic  bronchiectasis.  In  the  repair-stage  of  all  chronic  inflammatory 
Baeoses  of  the  lungs  fibrous  tissue  of  this  type  is  found.  In  the  large 
ijority  of  these  diseases  the  pleural  surfaces  are  adherent,  so  that 
fibrous  tissue  IS  firmly  attached  on  each  side.  In  these  eases  the 
•n  of  the  new  tissue  should,  theoretically,  lead  to  a  rise  in  the 
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level  of  the  diaphragm  ;  the  sinking  in  of  the  wall  of  tile  chest  ;  the  dila- 
tation of  the  bronchial  tubes ;  mid,  if  the  disease  is  unilateral,  to  dis- 
placement of  the  mediastinum.  In  some, cases  all  these  changes  actually 
occur,  sometimes  one  and  sometimes  another  lieing  the  most  prominent. 
This  contracting  fibrous  tissue  will  act  at  greatest  advantage  during 
inspiration,  when  the  movements  of  the  cheat  and  diaphragm  tend  tn 
enlarge  all  the  diameters  of  the  lung. 

The  contents  of  brunch iectatie  cavities  are  chiefly  mucus,  putrefactive 
organisms,  and  tissue-debris.  Stagnation  of  the  secretion  in  the  dilated 
tubes  is  favored  by  the  destruction  of  nerve-terminals  in  their  walls, 
brought  about  by  chronic  inflammation.  The  accumulating  secretion 
tbus  sets  up  no  irritation  until  it  reaches  a  sound  portion  of  the 
bronchus  :  cough  is  then  excited  and  the  irritant  expelled.  The  stag- 
nating secretion  undergoes  putrefaction,  and  consequently  has,  as  a 
rule,  an  extremely  offensive  odor. 

Pneumoconiosis, 

Ordinary  atmospheric  air  always  contains  dust.  When  the  amount 
of  dust  inhaled  is  comparatively  small,  it  gives  rise  to  pigmentation  of 
the  lungs  without  apparently  producing  any  injurious  effects.  This 
pigmentation,  absent  at  birth,  gradually  increases  with  advancing  age, 
especially  in  the  case  of  those  who  dwell  in  towns. 

Fro.  287. 


Pigmentation  of  the  lungs  is  principally  due  to  the  presence  vt 
particles  of  carlion  and  other  substances  inhaled  with  the  inspired  air. 
These  inav  be  arrested  in  the  smaller  bronchial  tubes  or,  when  the 
fullest  inspiration  follows  the  most  extreme  expiration,  lie  drawn  into 
the  alveoli.  In  both  of  these  places  they  may  be  taken  up  by  leucocytes. 
Many  of  tliwte  are  expelled  in  the  grayish-black  sputum  frequently 
expectorated  in  the  early  morning  (Fig.  289),  but  a  large  number 
penetrate  into  the  alveolar  walls  and  into  the  interlobular  tissue.    Mart 
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of  the  pigment  is  found  contained  within  the  connective-tissue  cells  or 
free  among  the  fibres. 

The  means  by  which  the  particles  of  carbon  make  their  way  into 
the  intend  veolar  tissue  is  explained  in  different  ways.  (1 )  The  branched 
connective-tissue  ceils  of  the  alveolar  walls  send  processes,  consisting 
of  a  greater  or  less  portion  of  their  bodies,  between  the  epithelial  cells 
of  the  alveolus  into  the  alveolar  cavity.  As  those  connective-tissue 
cells  lie  in  the  serous  canals  which  constitute  the  commencement  of  the 
perivasal  lymphatics  and  are  themselves  phagocytic,  it  is  easy  to  under- 
stand how  readily  they  may  serve  as  the  principal  carriers  by  which  the 
particles  are  withdrawn  from  the  alveoli  and  conveyed  to  neighboring 
parts  of  the  lung.  When  once  the  carbon  has  made  its  way  into  the 
interlobular  tissue,  some  of  it  is  taken  up  by  the  fixed  cells  in  this  situa- 
tion, whilst  the  remainder  passes  on  to  the  lymphatics  and  is  deposited  in 
the  bronchial  lymphatic  glands,  in  which  black  particles  are  also  found. 
(2)  Wandering  phagocytic  leucocytes  (p.  181)  are  found  in  the  small 
bronchi  and  alveoli  {Fig.  288).  They  probably  convey  particles  into 
the  tissue  and  lymphatics  of  the  lungs. 

In  many  occupations  the  respired  air  contains  an  altogether  abnormal 
proportion  of  dust,  often  consisting  of  some  special  material,  such  as 
coal,  stone,  iron,  or  other  substances.  The  first  result  of  breathing  air 
overcharged  with  such  particles  is  the  production  of  chronic  bronchial 
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catarrh  from  the  mechanical  irritation  of  the  mucous  membrane  of  the 
bronchi.  ■  This  leads  to  frequent  coughing,  followed  by  deep  inspirations, 
and,  therefore,  to  the  aspiration  of  similar  particles  into  the  alveoli. 
Inflammatory  changes  in  the  alveoli  follow;  leucocytes  escape;  the 
eel  Is  of  the  epithelial  lining  proliferate  and  many  are  thrown  off.  Cells, 
charged  with  the  inhaled  particles,  are  found  free  in  the  alveoli.  Some 
of  these  cells  may  be  ex[iectorated,  but  most  are  absorbed  as  just  de- 
scribed. Iu  the  tissues  further  changes  may  gradually  take  place, 
according  to  the  nature  and  number  of  particles  deposited.  These 
changes  comprise  chronic  inflammatory  thickening  of  the  alveolar  walls 
(Fig.  287),  patches  of  b  roue  ho  pneumonia,  and  general  increase  of  the 
fibrous  tissue  throughout  the  organ.     Furthermore,  these  changes  render 
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(lie  affected  parts  especially  liable  to  invasion  by  robawleh 

other  parasites. 

In  the  case  of  minors  tlic  particles  of  coal  enter  the  lung*  in  neb 
large   quantities    as    to   give  to   them    an   almost   uniform    DU 
(ioJ/icdcrowM).1    The  black  oolor  of  the  lungs  in  the*  aaa 
due  t'i  the  preeenoe  of  the  inlial.il  substances,  hut  partly  :■■ 
altered  blood-pigment.     The  inflammatory  ohangea  in  the  bronchi  W 
pulmonary  tissta'  iitrnnlv  referred  t<i  cause  marked  oousolkMtii 
lungs,  which  thus  beoome  tougb  and  fibrous.     En  the  moat  erven  fnraa, 
aloerationj   starting  from   the  bronchi,   produces  cavities  (eofl 
knife-grinders'  phihteis).     Owing  t"  these  structural  ohangea  thcr*  i* 
a  considerable  escape  of  nil  corpuscles  from   rnptan 
inflammatory  exudation,  anil  hence  a  large  formation   of  pa, 
which  much  of  the  dark  color  of  these  lung*    must    undue 
ascribed.     The  lungs  of  Btonemasons  (auVeoM*)*ai>d  grindera  mVforwul' 
are,  like  those  of  miners,  deeply  pigmented,  diough    to   ■    ll 
but  the  black  color  in  the  former  eases  cannol  '"■  accounted  I 
supposition  that  it  is  due  to  the  presence  of  inhaled  partaeli 
particles  are  pale  or  rust-colored, as  the  case  may  !»'.     *  krbon 
are  black,  angular,  and   very   variable   in  aite  an,!   ahape.     Tnei  a" 
unaffected  by  strong  acids  and  alkalies.     Pigment  derived  from  ife 
blood  is  generally  brownish  and  granular:  it  is  rarely  met  with  im 
crystalline  form. 

Pigmentation,  of  the  lungs  from  the  presence  of  ha 
as  the  result  of  many  other  morbid  conditions,  noun  d 
organs    being   attended    by    the    formation  of   pigment.       I.; 
pntnwu,  pigmentation  occurs,  partly  as  (he  result  of  tin*  itirlanittutofl 
process,  ami  partly  from  the  obstruction  of  the  veasela  cans* 
new    tissue:    lines    of    pigment    are   constantly   ween    BtUTunml 
nodules  of  consolidation.      In   ncn/e  croupous   pnent 
which  i-  extraviisated    into    the  air-vesicles,   and   which   in 
stag«  gives   to  the  expectoration 
prune-juice  color,  subsequently  givi 
pigment,   and   die  sputum  i 

< e»  gravish-blacl ,   th<     ;    .■ 

being    visible    iu     the    di 
The  cells  met  with    in   the  sputum  «J"  *""■ 
cliitU    also    contain     gram 
(Fig.    289) :    and     pigmenta  I 
important    part    in    die    com 
lungs  known   as  brown  induration*  (a, 
In   all  eases   in   which   henna 
meat  is  found    in  any  quantity  in  the  1* 
it  is  also  found  in  the  bronchial  glamk 
is  taken  no  by  the  lynipl 
inhaled  carbon,  liceomes  arrested    in    its   passage  through  these  gUs^ 

■asm  ii  raoakis  penmuiantiy, 

'  limk  «%*«,  t-inder.  '  tat.  '••'■<,  flint.  'G»**k  *J# 
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IX.  DISEASES  OF  THE  LIVER. 

Perihepatitis. 

Inflammation  of  the  capsule  of  the  liver,  leading  to  more  or  less 
thickening  and  often  to  adhesions  with  adjacent  parts,  is  met  with 
under  various  circumstances.  Its  most  common  causes  are — the 
chronic  peritonitis  of  Bright's  disease,  chronic  alcoholism  and  syphilis. 
Localized  patches  may  be  produced  by  pressure  from  without,  as  by 
tight  lacing.  The  changes  are  usually  slight  and  of  but  little  patho- 
logical import. 

In  some  cases,  however,  especially  in  cases  of  chronic  peritonitis, 
the  process  is  more  extensive  and  leads  to  marked  interference  with 
the  functions  of,  and  circulation  in,  the  liver.  The  whole  capsule 
becomes  considerably  thickened  and  gradually  contracts,  thus  causing 
compression  of  the  organ,  which  assumes  a  globular  form.  The  portal 
circulation  is  often  interfered  with  by  the  squeezing  process,  and  ascites, 
with  other  symptoms  of  portal  obstruction,  may  result.  The  liver 
itself,  with  the  exception  of  some  atrophy  and  fatty  degeneration  of  its 
cells,  may  show  no  changes  ;  but  sometimes  it  is  irregularly  intersected, 
and  even  divided  into  lobe-like  masses,  by  bands  of  fibrous  tissue 
passing  inward  from  the  capsule  (centripetal  cirrhosis  of  Adami). 

These  conditions  have  been  variously  attributed  to  syphilis,  tuber- 
culosis, and  alcoholism. 

Abscess  of  the  Liver. 

1.  Multiple. — Small  multiple  abscesses  are  most  frequently  due  to 
some  inflammatory  lesion  in  connection  with  the  portal  system — such 
as  dysentery,  appendicitis,  ulcerative  colitis,  typhoid  fever,  or  some 
other  form  of  ulceration  of  the  gastro-intestinal  tract.  In  these  cases 
the  abscesses  are  due  to  infective  embolism  of  branches  of  the  portal 
vein  (suppurative  pylephlebitis).  Small  abscesses  also  occur  as  a  mani- 
festation of  generalized  pyaemia,  and  are  then  due  to  infective  embolism 
of  the  small  branches  of  the  hepatic  artery.  Suppuration  within  the 
bile-ducts  (suppurative  cholangitis)  may  also  give  rise  to  abscesses. 

2.  Single.— Single  abscesses  may  follow  injury,  either  external  or 
internal — in  the  latter  case  being  due  to  some  foreign  body  which  has 
perforated  the  walls  of  the  stomach  or  duodenum.  They  may  also 
result  from  the  presence  of  gall-stones  or  parasites.  In  all  these  cases 
the  abscess  is  really  due  to  the  additional  presence  of  pyogenic  organisms. 
Breaking-down  gummata  may  give  rise  to  extensive  abscess-cavities. 

The  tropical  abscess  is,  in  three-fourths  of  the  cases,  single  ;  and  is 
generally  believed  to  dej>end  upon  infection  through  the  portal  vein. 
In  a  large  proj>ortion  of  the  wises  it  is  associated  with  dysentery.  It 
is  commonest  in  countries  near  the  equator,  generally  selects  the  white 
races,  and  occurs  esj>eeially  in  eases  of  chronic  alcoholism.  The 
Amoeba  coli  is  found  in  some  cases,  but,  as  a  rule,  the  B.  coli  communis 
and  ordinary  pyogenic  organisms  are  alone  to  be  found. 
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Cirrhosis  of  the  Liver.1 

Cirrhosis  is  the  tern  applied  t<i  nil  diseases  of  the  liver  i 
ohnracterued  by  an  increase  in  the  connective  tiaras  "f  the  orjpiti. 

Although  tin'  changes  which  iH'cnr  in  the  diseases  included  in  il 
aition  vary  within   wide  limits,  three  types  may,  G 
aW^o%bedMBguisned^l)Porta/,(2)fii&nvfiu>d(S)P 

1.  Portal  Cirrhosis.— I n  this  form  die  increase  in  tin-  « 
tisane  ooears  around  the  branches  "I*  the  portal  vein,  i 
interlobular  in  its  arrangement  Between  many  of  the  lobataO 
ever, no  new  tiaane  appears,  so  thai  the  distribution  ia  exceeding))  rr 
nlur,   mill    the  lobules    become  grouped    into    mass  - 

(maJWoOufar  otrrnoris)  (Fig.  *J90);  while  the  i ponan 

toae  their  radiating  arrangement,  and,  :it  '!»'  periphery,  to  n 
degeneration,  atrophy,  and  pigmentation  with  bile.    The  new  oodm 
tisane  is  plentifully  supplied  with  bloodvessels  from  the  bapntssai 
Later  on  it  contracts,  and  forms  hard  doatrioal  tiasna,  i  ' 
portal  I'ircnlutiiin,  and  thus  giving  rise  hi  ascites  an  I 
from  any  part  of  the  gastro-inteatinaJ  tract  (Fig.  200  I,  u  well  i 
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enlarged,  and  the  edge  is  rounded  and  thickened.  This  increase  in  size 
occasionally  persists,  without  any  contraction,  until  the  disease  ends 
fatally,  hut  in  the  large  majority  of  cases  the  atrophy  of  the  liver-cells 
and  the  contraction  of  the  new  tissue  are  followed  by  some  diminution 
id  size.  In  some  cases  this  may  be  so  extreme — especially  in  the  left 
lobe — that  the  liver  is  less  than  half  its  normal  weight  (atrophic  cir- 
rhosis), but  in  at  least  half  the-  cases  the  organ  at  the  time  of  death  is 
larger  and  heavier  than  normal.  The  capsule  is  thickened  and  the  sur- 
face is  uneven.  When  the  unevenness  is  extreme,  the  liver  is  termed 
hobnai/ed — the  extent  of  this  depending  upon  the  distribution  and  con- 
traction of  the  new  tissue  and  upon  the  atrophy  of  the  cells.  As  a 
rule,  the  more  fatty  the  liver,  the  less  the  contraction.  The  consistence 
of  the  organ  is  also  proportionately  increased,  and  may  approximate  to 
that  of  hard  fibrous  tissue.  Both  the  irregularity  of  the  surface  and 
the  induration  are  most  market!  along  the  anterior  edge,  especially  of  the 
left  lobe.  On  section,  the  new  tissue  surrounding  the  lobes,  and  in  many 
parts  completely  replacing  them,  is  visible  to  the  naked  eye.  This  gives 
U>  the  cut  surface  a  mottled  granular  appearance,  the  lobules  contrasting 
with  the  new  interlobular  tissue,  and  often  appearing  as  yellow  or  orange 


m 


^ 


foci  in  a  pink,  glistening  network.  In  advanced  cases  the  fibrous 
tissue  is  dense  and  white.  In  the  large  majority  of  cases  the  spleen  is 
much  enlarged,  being  often  double  its  normal  size. 

An  acute  form  is  occasionally  met  with,  in  which  the  new  tissue  is 
abundantly  infiltrated  with  leucocytes  {ml  atrophic  lirrr),  the  disease 
ending  fatally  in  a  tew  months. 
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2.  Biliary  Cirrhosis. — In  the  typical  instances  of  tfai 
rare  form  of  cirrhosis  the  new  fibrous  tissue  i-  evenly 
twaen  nil  the  tobulee  (unilobular  oirrAosw),  and  even  in 
cellular  network.     The  bile-ducts  outside   the   lobuka  are  Inrge  m-i 
tortuous,  and  their  external  ooat  is  thickened.     Scattered  tbj 

new   tissue — in  the  majority  of  cases — are  short   cohnnna  of  cubical 
'ill-,  often  arranged   in  double  rows.     Ifv  some  these  an  regarded  » 
attempts  at  regeneration  on  the  pari  of  the  liveMwlla 
others,  as  degenerated  liver-cells  or  the  surviving  remnants  ofb 
Adiinii  considers  (lie  condition  is  due  toa  partial  reversion  bo 
nal  hepatic  follicles  found  in  the  earliest  stages  of  the  devi  I 
the  liver,  and  Buggesta  the  name  "  reversionary  degeneration,*1 
Naked-eye  Change*. — The  liver  is  uniformly,  and  often  <■■■■  i 
enlarged.     Its   surface   is  smooth,  its  consistence  Bnu,   and 
almost  olive.     On  section,  the  new,  evenly  distributed   tiaras  ran  I* 
readily    made    nut.     No    marked    contraction    occurs,    nod,   aluVuft 
jaundice  is  generally  present,  ascites  is  extreme)]  n 
remains    large    and  smooth   to   the   end.     Enlargement  of  ' 
occurs  at   an   early   stage. 

3.  Pericellular   Cirrhosis. — In    adults,    "n    rare    occasion?,   and  fn* 
ijucntly  in  infante  dead  from  congenita]  syphilis,  DC*  connective  ti**» 
is  found  uniformly  infiltrating  the  whole  organ,  and  penetnl 
where  between   llie  degenerating  liver-cells  (Fig,  225,  p. 

tered  groups  of  small  round  cells  suggest  the  comroencement  of  pus 
mata.     The  liver  is  large,  and,  in  most  cases,  uniform  i 

Other  rare  forms  of  cirrhosis  are  occasionally  nut  with,     i ' 
sclerosis    may,  in  the  liver,  as  in  other  organs,  lead 
change.-.     {'!)  Long-eon  tinned  passive  congestion   m 
development  of  fibrous   tissue  around   the   intralobular  vein' 
(.'!)  Cirrhosis  may  occur  with  perihepatitis  (p.    189),  and  (4)  m  a  !«*v 
IBM  form  with  syphilis  (p.  392). 

A  large  number  of  cases  also  occur  in  which  the  chat 
three  types  deserilwl  are  so  intiTiningleil   that   many  writer-  dear  a* 
utility  of  the  class! ticat ion  adopted,  which   indeed   iiin  only  \<r  ntari* 
as  representing  a  provisional  arrangement  of  the  facta  known. 

Boix,  under    the    name  of  "dyspeptic  cirrhosis,"  deaerinw  ■  <■*" 
formly    enlarged    liver    in    which    the    iniiltration    is    intt-rl-  '■»Lu 
intralobular,  but  which  does  not  uflirt  the  nutrition  oft 
disease  may  disappear  under  treat  incut,  or,  afU-r  about  ten  vest*,  f* 
into  the  atrophic  form.     The  spleen  is  not  enlarged,  and  tin  n-  s-aeiaw 
jaundice   nor  ascites.       I.aiieereanx,  and    many  oilier 
ni/.e    ii   definite    variety  of  cirrhosis,  due    to    malaria;    >■ 
irregular  iiitrnlii/i'itiir  fibrosis  precedes  a  similar  inttnx&ttlar  chaner-   * 
form  also  occurs   in  which   a  large  amount  of  iron-containing  pip*"1 
i-  di.-|N>sifcd    in    the   liver-cells  and    in    the  capillary  wall 
inatosis).  and   a    Ii"1  instances   in  winch   adenomatous 
nomaloiis  L.r,nwli-  ma\    U'  intermingled  with  the  lihr-.n 

'flic  term  htfitrrtriiftiiir  cirrltwi*  is  not  infrequently  used 
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of  biliary  cirrhosis ;  it  is  also  employed  to  designate  the  enlarged  stage 
of  portal  cirrhosis ;  and  again  to  denote  a  form  of  portal  cirrhosis  not 
unlike  that  which  Boix  describes,  supposed  to  remain  stationary  without 
any  contraction  throughout  its  course. 

Pathology. — The  site  and  gradual  development  of  portal  cirrhosis 
establish  a  probability  that  the  disease  is  due  to  some  slowly  acting 
irritant  conveyed  by  the  tributaries  to  the  portal  vein  and,  therefore,  de- 
rived either  (1)  from  the  gastro-intestinal  tract,  or  (2)  from  the  spleen. 

1.  In  the  great  majority  of  instances  the  irritant  seems  to  be  ab- 
aorl>ed  from  the  stomach  or  intestine.  In  most  wises  there  is  a  clear 
history  of  chronic  alcoholism.  The  form  in  which  the  alcohol  is  taken 
does  not  seem  to  be  of  much  imjK>rtance.  In  one  country  it  is  beer ; 
in  another,  wine  ;  in  a  third,  spirits.  But  how  the  alcohol  acts,  and  to 
what  causes  are  due  those  cases  in  which  no  such  antecedents  have 
occurred,  are  vexed  questions.  According  to  the  old  view,  the  alcohol 
itself  was  the  irritant ;  according  to  later  authorities,  the  products  of 
fermentation  to  which  the  ingestion  of  alcohol  would  contribute,  and 
in  which  acetic  acid  takes  the  most  prominent  part,  are  believed  to  be 
the  chief  toxic  agents  ;  and,  according  to  a  third  theory,  the  actual 
causes  of  the  disease  are  the  toxins  of  organisms  which  are  enabled 
to  thrive  among  the  tenacious  mucus  which  lines  the  alimentary  tract 
in  those  suffering  from  chronic  alcoholic  catarrh,  or  which  actually 
find  their  way  to  the  jK>rtal  zone  of  tin*  lobules  of  the  liver  (Adami). 
Most  of  the  later  views  are  based  principally  ujk>ii  experimental 
evidence.  To  a  large  extent  this  is  contradictory,  and,  indeed,  in  other 
ways  unsatisfactory,  for  the  periods  over  which  the  poisons  were 
administered  were  much  shorter  than  those  usually  required  to  develop 
chronic  cirrhosis  in  man. 

2.  Chauffard  has  suggested  that  substances  derived  from  the  spleen 
may  act  as  causes  of  portal  cirrhosis.  He  points  out,  in  addition  to 
various  a  priori  considerations,  that  in  several  diseases,  of  which  malaria 
and  typhoid  fever  are  typical  examples,  the  spleen  acts  as  a  storehouse 
of  infective  parasites,  and  that,  in  these  diseases,  secondary  phlebitis  of 
the  splenic  vein  and  subsequent  hepatitis  have  l>een  found  According 
to  Chauffard,  the  |>oison  is  probably  derived  from  the  spleen  in  those 
cases  in  which  enlargement  of  this  organ  appears  to  precede  the  cirrhosis 
of  the  liver.  There  is  more  evidence  in  favor  of  a  splenic  origin  of 
acute  hepatitis  and  of  malarial  and  biliary  cirrhosis  than  of  a  similar 
causation  of  the  ordinary  atrophic  form. 

Biliary  cirrhosis  is  generally  believed  to  be  of  infective  origin,*  and  is 
most  likely  due  to  (1 )  inflammation  of  the  bile-ducts  produced  by  the  elimi- 
nation of  some  poisons  excreted  in  the  bile — for  certain  poisons  (toluylene- 
diamine)  have  been  shown  capable  of  causing  such  an  inflammation  ;  and 
more  rarely  to  (2)  direct  extension  from  the  duodenum  up  the  bile-passages. 

From  these  hypotheses  it  will  be  seen  that  the  occurrence  of  the 
mixed  forms  of  cirrhosis  can  be  readily  explained  on  the  supposition 
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that  die  poisons  capable  Hi'  producing  and)  fata  occur  simultaneous); 
in  a  single  otm. 

It  may  lie  asked  how  far  the  atrophy  of  the  livcr-i.ll-  in  ■ 

due  to  the  immediate  effect  of  tin-  poieoi I  boa  bu  t"  the  pre*>wr 

exerted  by  the  new  tissue,     Many  beta  seem  to  preclude  u 

reply  in  either  direction.     On  the  one  band,  atrophy  doen not  ■man 

how  end  the  new  tisane  is  coarser  than,  and  fer  En  exo 

n 'i(iii red   In  compere-ate    li.|-   lliri  ;itni|iliy  lti:il    In- 

the  atrophy  may  cotiuuenoe  before  any  appurenl   pressure   > 
There  seems  to  be  no  good  reason  why  the  cause  ol  the  eirrbua 

not  iii  many  case*.  Si'  not  in  all,  have  a  din-ct   influence  BpOH 

tion  of  oeUa  and  thus  lend  to  cause  their  atrophy  :  and,  further,  »b>t 

ihi'  new  lissne  lias  commenced  In  contract,  il  i-  highly  pn.lwhle  thai  iW 

nutrition  of  the  cells  upon  which  the  pressure  i-  exerted  will  be  •sill 
further  impaired. 

Effects  of  Cirrhosis  of  the  Liver. — The  pathological  •  iTi-ci.  wto<± 
can  be  directly  traced  to  cirrhosis  of  the  liver  are  principally  dUturts 
anees  in  the  porta]  circulation  produced  let  contraction  of  the  Show 
lissuc.     The    IiIiihI    thus   prevented   from    traversing    ibe    liver,  sal 
dammed  hack  in  Mir  portal  system,  causes  increase  "i*  prawn  'ro  thit 
vascular  area,  which  can  only  In'  relieved   by  moans  of  atuftmwniac 
channel  a.      The   principal  anastomoses   between    the   |«irtal  and  tfcr 
general  venous  system  are  (1  i  rountl  the  aim-,  by  tneona  of  th> 
between  the  Inferior  and   upper    hemorrhoidal   ran*;   (-■  muni  u* 
utnljilieiis,  by  the  anastomosis  of  ln-iinln-  <>(  die  ^ .  ■  ■ 
wall   with  those  uf  the  vein  uf  Happey  in  the  round  ligament  of  tl» 
liver;    (3)   connections    between    il"1    mesenterio    and    ret niprrilacM) 
veins;   and    (4)  the   anastomoses  uf   tin-  enronm-v   vin 
with   the   lower  (esophageal    veins.      The  enlargement  od    the  ao*.-«>- 
iiinsins.'   branches  cause-   f  1  >   hemorrhoids  ;   (2)    the 
circle  of  enlarged  vessels  visible  round  the  umbilicus  ;   (3)  great  cabir*- 
meat    of    veins    licneiith    the    pcriluu.  inn     thniiiL'lmtit     I  In       ,'.i 
cavity  ;  and  (J)  dilatation  of  the  veins  at  the  lower  end  ..f  tbr  o—  <*- 
agus.     If  rupture  of    these    last    vessels   occur,  as   not    mfmprant 
happens,    severe    hemorrhage    may   ensue,    the   blood    passing 
stomach  and    Ixdng  subsequently  vomited.       In  oilier  case*  i 
derived  from  the  stomach,  in  which  eroded  vessels   may  Is*  found  siaf 
death.     Bleeding  may  also  occur  from  the  hemorrhoid-. 

The  increase  of  pressure  mi  tile  branches  of  tin-  [mrtal  vein  r>  f«t- 
lowed  by  exudation  of  -croiii  fluid,  giving  ri-e  withii 
a  watery  eondition  of  their  contents  and  resulting  watery  nW»«w. 
and  within  the  jieritoneal  cavity  to  ascites.  This  last  i-  prtilnhlraaM 
hv — and  in  many  rases  principally  due  to — accompany  Wg;  ohrsaar 
[HTilnnili-, 

Symptoms    urisiug   from  interference  with  the  function-  <•! 
are   dillicnli    to    iiri.Miiii,'    iii    these  ea«-s,       In    some 
cirrhosis,   however,  dun-  occur  fever,  jaundice,  a  heiuorriuieV   U*J* 
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ency,  delirium  and  coma — the  whole  constituting  a  picture  closely 
resembling  that  seen  in  acute  yellow  atrophy  of  the  liver. 

Acute  Yellow  Atrophy. 

This  rare  disease  of  the  liver  is  characterized  by  a  rapid  diminution 
in  the  size  of  the  organ,  accompanied  by  the  degeneration  and  subsequent 
destruction  of  the  hepatic  cells.  Hemorrhages  from  any  part,  jaundice, 
and  delirium  are  among  the  principal  manifestations  of  the  disease.  The 
malady  is  commonest  in  women,  and  is,  in  this  sex,  generally  associated 
with  pregnancy.  The  liver  may,  in  the  course  of  a  few  days,  be  reducod 
to  less  than  half  its  normal  bulk,  being  especially  diminished  in  thick- 
ness. It  is  soft  and  flabby  in  consistence,  bloodless,  and  of  a  mottled 
yellowish-red  color.  A  section  through  the  organ  shows  numerous  inter- 
mingled patches,  dark  red  and  bright  orange  in  color ;  in  the  lighter  parte 
the  lobules  are  generally  indistinguishable.  When  examined  micro- 
scopically, it  is  found  that  the  protoplasm  of  the  liver-cells  is  completely 
replaced  by  granular  debris,  fat-granules,  and  pigment,  and  that  many 
of  the  cells  have  absolutely  disappeared.  In  the  earlier  stages,  the  small 
bile-ducts  are  filled  with  debris.  Tvrosin  and  leucin  have  been  found 
in  the  disintegrated  liver-tissue  and  in  the  hepatic  veins.  The  appear- 
ance of  these  substances  in  the  urine  is  characteristic  of  the  disease. 
Branched  tube-like  collections  of  cubical  cells,  suggestive  of  bile-ducts, 
are  frequently  seen  among  the  surviving  stroma  (p.  4J)2).  The  kidney 
and  spleen  undergo  very  similar  changes.  The  pathology  of  this 
disease  is  exceedingly  obscure.  It  is  generally  regarded  as  an  acute 
degeneration,  depending  on  souk;  unknown  toxic  cause  derived  from 
intestine  or  spleen.  The  jaundice  is  probably  due  to  the  blocking  of 
the  smallest  ducts  with  the  products  of  degeneration.  The  existence 
of  leucin  and  tvrosin  in  the  urine  is  probably  due  to  the  abolition  of 
the  functions  of  the  liver,  one  of  which  may  consist  in  converting  into 
urea  certain  intermediary  products  of  proteid  metabolism. 

A  somewhat  similar  condition  occurs  in  acute  phosphorus-poisoning ; 
although  in  this  case  the  liver  is  enlarged,  and  the  patches  of  yellow 
and  red  are  never  so  distinct. 

For  syphilitic  disease  of  the  liver,  see  page  377.  Compare  also  Fig. 
41,  showing  secondary  malignant  disease  of  this  organ. 

Gall-stones. 

Gall-stones  are  concretions,  generally  formed  during  late  adult  life, 
either  in  the  hepatic  ducts  or  in  the  gall-bladder.  In  size  they  range 
from  mere  gritty  particles  to  masses  as  large  as  pigeon  eggs.  The 
number  found  in  a  single  gall-bladder  varies  from  one  stone  to  several 
thousands.  In  color  they  vary  from  a  pearly  white  to  a  greenish  black. 
Occasionally,  when  distinctly  crystalline  to  the  naked  eye,  they  may  l>e 
pale  yellowish  green  and  semi-transparent.  As  a  rule,  they  can  be  easily 
crushed  between  the  fingers,  and  arc  so  light  that  when  dried  they  float 
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on  water.     They  are  generally  quadrilateral  or  priNoatk  El  -iia|>r.  with 

some  sides  flattered,  u«in-  i> .  mutual  pi-i--.<ni>-  uliil.  th 

soft.     These  flattened  surfaces  are  termed  facets. 

never  booted  :  neither  are  very  bduII  ones,  D  •*>it»  «o 

one  another  withoul  exerting  any  marked  pressure.     Facets  do 

in  calculi  of  medium  mm,  if  more  than  two  or  three  be  pre— at i  th« 

are  tiot  due  t<>  erosion  after  stonee  are  formed,  as,  on  seottom  the  aim 

lamina  can  be  traced  nil  round  the  atone  (Fig.  292), 


leswrin:  (nximlrt.  of  iilllrul.ltn 
futnit  uccuriinK  In  ittfli-rrni  !■■>.■ 
•tnnpn  1**1*  rcmovfl  frmn  *  cull  I 
of  cliulriicrlii.  ilio  Out  I  iff  i  el  b 


HI)  (I  cholenllTfll  ;    t,  tl.t.f  nf    >UlBplM  id  T1S» 

n  each  liuisnoa  in  largv  nninvn.  r,inii»« 
thewhlWpnrl  ■     •  nva >— < 

-calcium;  ft  Is  ■  nnuttiiAnl  »li'»  arMwafaaM* 
*  [Tnlrnl  r«Tllr  »lih  Ik  opttUMt 


When  carefully  examim-d.  a  iralU-tmie  i.  I'.-nml  t..  ,. 
nucleus  and  a  harder  laminated  eru-t.     Within   the  RUcleUl 
often  a  cavity.     Both  nucleua  and  crust   may  !«■  of  tin.'  bum  «naip* 
sition.     Cholesterin  and  bilirubin-calcium  are  the  mast  im|>.Ttam  «»• 
dtituents.     Crystalline  gtom-seonsisl  mainh  of  ihr  limn.-i     .  .  i  ■ 
calculi  are  generally  made  up  of  pure  e!iole*terin ;  bat  a  stone  evua^f 
mostly  of  this  substance  i-  by  no  means  always  cryetalliiM. 

Pathology. — It  was  formerly  stipjmwd  tlial  foreign  bodiae  acttd» 
(lie  nuclei  of  gull-stones,  ami  that  cholesterin  and  otht-i 
.■nt-  were  deposited   I'n.in  eomeiiirateil,  or  otherwise  altered,  ' 
has,  however,  Urn   shown  experimentally  (bat  the  introduction  of  fre> 
eign  bodies  into  the  gull-hluddors  of  dogs  docs  Dot  canse  any  such  pn- 
eipitation.and  that  if  ga1l-stone>  llieinselvcs  are  introduced  into  a  oormi 
gull-Madder  tliev  dissolve  ami  di.iap|)ear.      Il  has  also  lievn  t-buwn  that 
an  imjmrtanl  staim-  <if  ehnlesteriii  is  an  i<\  tensive  di 
I'pitheliuiu,  anil   that  the  precipitation  of  bilin 


DISEASES  OF  THE  PANCREAS.  497 

by  the  presence  of  albumin  in  the  bile.  From  these  and  other  facts  it 
is  believed  that  a  mildly  infective  catarrh  of  the  lining  membrane  of 
the  ducts  is  the  first  stage  in  the  production  of  calculi.  Such  catarrh 
can  be  produced  experimentally  by  the  introduction  into  the  gall-bladder 
of  attenuated  cultures  of  the  colon-bacillus,  of  the  typhoid  bacillus,  and 
of  the  ordinary  pyogenic  cocci.  The  catarrh  is  accompanied  by  the  des- 
quamation and  disintegration  of  the  epithelium,  and  by  the  exudation 
of  albuminous  fluid.  Bilirubin-calcium  next  separates  out,  especially 
from  stagnant  bile,  and,  with  the  desquamated  epithelium,  forms  a  nu- 
cleus round  which  a  shell  of  more  bilirubin-calcium  is  deposited.  As 
the  epithelium  disappears,  a  central  cavity  is  left  which,  later  on,  is  gen- 
erally filled  up  with  cholesterin  derived  from  the  disintegrated  epithelium. 
Further  layers  are  subsequently  deposited,  but  always  together  with  albu- 
minous matter,  for,  if  the  salts  be  dissolved  out  artificially,  a  complete 
organic  framework  remains. 

Effects. — A  gall-stone  may  block  the  duct  in  which  it  is  formed,  or 
to  which  it  may  be  carried,  and,  in  that  way,  give  rise  to  obstructive 
jaundice  (p.  81).  By  the  irritation  of  its  presence  it  may  produce  in- 
flammation and  ulceration  of  the  wall  of  the  duct  or  bladder,  and,  if 
pyogenic  organisms  are  present,  give  rise  to  an  abscess.  From  the  gall- 
bladder, or  from  the  ducts,  calculi  may  escape  into  the  duodenum.  In 
some  instances  a  stone  in  the  gall-bladder,  or  in  the  common  duct  near 
its  entrance  into  the  intestine,  may  produce  inflammatory  adhesions  of 
the  neighboring  parts  and  subsequent  ulceration.  By  this  means  a  stone 
too  large  to  pass  through  the  orifice  of  the  duct  is  enabled  to  make  its 
way  into  the  bowel,  and  lower  down,  where  the  lumen  of  the  intestine 
is  smallest,  to  give  rise  even  to  intestinal  obstruction.  Carcinoma  may 
arise  as  the  result  of  the  irritation  caused  by  gall-stones. 

X.  DISEASES  OF  THE  PANCREAS. 

Diseases  of  the  pancreas  arise  for  the  most  part  from  the  entrance 
of  pathogenic  organisms  into  its  ducts.  In  cases  of  invasion  by  very 
virulent  germs  the  whole  organ,  or  large  parts  of  it,  may  undergo 
necrosis,  or  an  acute  interstitial  inflammation  may  ensue.  Less  viru- 
lent infection  results  in  a  process  of  chronic  fibrosis.  Two  varieties  of 
this  have  been  distinguished  by  Opie  :  (1)  Interlobular  fibrosis,  in  which 
the  fibrous  tissue  is  irregularly  distributed  between  the  lobules  of  the 
gland  ;  and  (2)  an  Interact nar  form,  in  which  it  is  uniformly  distributed, 
passing  between  the  individual  acini.  The  pancreas  is  generally 
shrunken,  and  its  cells  atrophied,  in  both  these  conditions  ;  but  occa- 
sionally fibrosis  may  be  associated  with  great  enlargement  of  the  gland. 
The  resemblance  of  these  tibrotic  conditions  to  the  different  varieties 
of  cirrhosis  of  the  livfcr  is  very  marked. 

The  pancreas  and  the  tissues  round  it  are  often  the  seats  of 
hemorrhage,  the  cause  of  which  is  not  understood.  Calculi  may  also 
form  in  its  ducts ;  and  these,  by  blocking  the  ducts,  or  by  obstructing 
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tin1   opening  of  the  papilla  of  Vaier   into   the  doodenon,  anil  tlu» 
OHlfling   Hi.'  rcL'iirL'tuiiiui  i.I'  bile    into    the    ptOCTCW,    P    ] 
Ebroahi  of  the  gland  or  to  the  formation  of  cyst*.     Fatty  decentrataa 
i*  liable  to  occur  in  (hia  organ,  and  atrophy  of  tbsottta  is  also  ilw-riM; 

the  liiltiT  is  often  accompanied  by  mhiii'  nivonilary  tihr..-i-,      OardMi 
as  a  primary  disease  ia  not   very  uncommon  in   the  |wm'mu.    Tt» 

ipii-rioiis  of  tbfl  reiatiirti  nC    li"'    )>:iimi':i-    I" 

mellitus  an  discmsed  elsewhere  (see  <  ftaiu,  X  Li 


XI.  DISEASES    OF   THE   KIDNEY. 

Suppurative  Nephritis. 

Suppurative  nephritis  reeolta  from  the  transmission  to  bhi 
of  pyogenic  bacteria  from  some  primarj  focus.     It  mi  i 
of  the  lesion*  in  pynmia;  or  (2)  may  !«■  associated  with  aamt 
inflammation  of  the  lower  urinary  passages,     In  pys  i   ia,  I 
organiams  are  transmitted  by  the  bloodvessels.     In  the  otna 
reach  the  kidney  by  direct  infection  from  the  lower  urinarj  pi 

As,  however,  regurgitation  of  urine  from  the  bladder  into 
does  not  occur,  bacteria  often  thrive  in  the  former  organ  foro 
period)!  without  infecting  the  ureter  and  kidney.  Whan  Enfr 
occur  it  i§  Hometimee  due  to  the  growth  of  iTpuii-ni-  in   ro|»  : "•■ 


inflanH.il  ureter  -.  but 
i  of  bacteria  by  the  lymphatic  •' 


lying  u  :i  oord  in  tl pening  of  t 

i|iieiitly  the  result  of  the  iraniimhil 

ill.-  ni-.r,  r-. 

I.  The  nlwcess  i  -   Tint  with  in  tbe   kidnei      i 

arc  ' fined  principally  to  t lit  cortex,  and  resemble  pya-inic  &(■<«*** 

other  organ-.  They  are  u-ually  multiple,  imii  are  often  MirrouncVd  Is; 
a  narrow  zone  ..!'  ml  In  [HTieuiie  lis-iic.  Thei  nsualh  originate  annad 
the  glomeruli,  iii  the  capillary  tuft-  of  which  the  ofganiama  hav*  Use 
arrested.      Their    -i/.e    varies    from    :i    men.    point    to   that  of  a   l~ 
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Their  characters  have  been  already  described  and  illustrated  (pp.  170 
and  342). 

2.  When  the  suppurative  iuflammatiou  is  due  to  infection  from  the 
lower  urinary  passages  {acute  surgical  kidney,  acute  consecutive  nephritis), 
the  pelvis  of  the  kidney  is  generally  acutely  inflamed,  and  many  of  the 
convoluted  tubes  are  crammed  with  micrococci.  These  seem  to  ascend 
from  the  pelvis  along  the  tubes,  distending  them,  and  giving  rise,  along 
their  line  of  growth,  to  cloudy  swelling,  coagulation-necrosis,  and  either 
suppuration  or  a  diffuse  infiltration  of  the  interstitial  tissue  with  leuco- 
cytes (Fig.  293).  The  urine  in  the  pelvis  of  such  kidneys  usually 
contains  pyogenic  organisms. 

The  cortex  of  such  a  kidney  is  thickened,  soft,  and  pale  as  compared 
with  the  deep-red  pyramids ;  its  consistence,  however,  will  vary  with 
the  presence  or  absence  of  chronic  interstitial  changes.  The  capsule 
strips  easily,  often  tearing  the  substance  a  little,  and  exposing  on  the 
surface  groups  of  yellow  spots.  These  yellow  dots  are  never  larger 
than  a  split  pea ;  each  is  surrounded  by  a  red  zone,  and  many  of  them 
contain  a  drop  of  pus.  On  section,  yellow  streaks  are  often  seen 
extending  from  the  superficial  lesions  into  the  cortex ;  others  exist  in 
the  pyramids. 

Hydronephrosis. 

Chronic  changes  in  the  kidney  result  from  diseases  causing  obstruc- 
tion in  the  lower  urinary  passages.  They  occur  in  association  with 
renal  and  vesical  calculi,  obstructed  ureter,  urethral  stricture,  and 
enlargement  of  the  prostate. 

When  the  flow  of  urine  from  the  ureter  into  the  bladder  is  perma- 
nently impaired  by  any  form  of  obstruction,  the  increased  pressure  due 
to  the  force  of  secretion,  aided  by  that  of  gravity,  seems  to  expend 
itself  in  gradually  dilating  the  ureter,  the  pelvis,  and  the  pyramids,  and, 
finally,  the  tubules  even  to  their  closed  ends  (hydronephrosis),  leading 
to  atrophy  of  the  tubular  epithelium  and  increase  and  induration  of  the 
interstitial  tissue.  When  the  obstruction  to  the  outflow  is  confined  to 
one  kidney,  that  organ  is  alone  affected. 

The  overgrowth  of  the  interstitial  tissue  is  exceedingly  irregular  in 
distribution  and  amount.  It  occurs  both  in  the  pyramids  and  cortex 
(chronic  consecutive  nephritis).  The  tubules  are  in  some  parts  found 
blocked  with  epithelium,  whilst  in  others  they  are  wasted  or  obliterated. 
Owing  to  these  changes,  the  kidneys  are  somewhat  enlarged,  the  capsule 
is  slightly  adherent  the  cut  surface  is  paler  than  natural,  and  the  con- 
sistence of  the  organs  is  abnormally  tough.  The  walls  of  the  small 
arteries  are  not  thickened.  As  the  process  advances,  the  pyramidal 
|x>rtions  gradually  become  absorbed,  the  absorption  commencing  at  the 
papilhe  and  extending,  until  ultimately  not  only  the  pyramids,  but  also 
the  thickened  cortex  may  disappear,  and  the  kidney  be  converted  into 
a  large  cyst  divided  into  sacculi  by  fibrous  septa  (hydronephrosis).  If, 
on  the  other  hand,  the  urinary  obstruction  be  removed,  the  processes  of 
inflammation  and  absorption  may  cease,  and  the  indurated  kidney  will 
then  become  contracted. 
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jdurrd, 
n  owir     I 
ijjctth 


Bradford  lias  shown  that  if  bydnmephroeu    !»■  artificially  indurrd, 
atrophy  of  the  tubules  and  shrinking  of  die  remaining  i  p 
even    when    the  obstruction   is  removed   and   the    McEm 

drained. 

Parenchymatous  Nephritis. 

Parenchymatous  nephritis  includes  those  Ibrmi  ol 
the  kidneys  in  which  the  secreting  tisanes  are  primarily  ifleeted    Hi 
damage  is  caused  by  substances  reaching  the  kidneys  bj  n 

blood -stream.     While  in  ordinary  metabolism  the  waste  pmducts  co]* 
by  the  glomeruli  or  are  excreted  by  the  tubular  epithelium,  a  il 
injury  to  the  structures  concerned,  the  aubstanca  giving  ri  i 
ehyniatous  nephritis  cause  damage  t<>  the  tissues  in  tb 
excretion,  and  in  this  way  lead  t<i  changes   in    the  glomeruli   ■ 

renal  tubules  or.  in  both  of  these,     These  d get,  aapplen 

more  or  less  inflammatory  reaction,  give  rise  to  the  morbid  arjj 
characteristic  of  tin-  djaease. 

The  actual  sulistanccs  producing  these  results  arc,  to  a] 
known.     Thus  (I)  oantharides,  turpentine,  oxalic  acid,  coop 
phosphorus,  and  salts  of  mercury  and  arsenic  are  well-as 
(2)  Bacterial  toxins  and  the  products  of  the  disordered  metab  ■'!■ 
ring  in  discuses,  ihe  liueterial  origin  of  which  cannot   yd   I-    :■■ 

affirmed,  form  another  important  group  ;  including  a g  nta 

tiieria,  scarlatina,  typhoid  lever,  ucutc  pneumonia,  and  Bcptfcaaan*.   In 
some  of  these  the  actual  organisms  reach  the  kidneys  and  prod 
lesions  there.   (3) Other  diseases,  such  :i>  gout  and  diabetes,  auumupanipl 
by  grave  disorders  of  metabolism,  also  act  as  causes  of  parent 
nephritis.      (4)  Many    instances   of    tin-  disease   'H-ciir  a  pun    I 
foregoing  causes.     Some  cases  occur  in  person;-  suffering  from  alcoholic 
excess,  prolonged  exposure  to  cold  and  wet,  extreme  - 
combination   of   these.      To  these   cases    no   definite  causation  can  \» 
assigned,  but  in   most  of  them  the  exi.-tence  of  disordered    mcujMero 
is  highly  probable. 

The  altered  composition  of  the  urine  furnishes  the  tir.i  .  n 
the  damage  to  the  kidneys.      The  injured  glomeruli  |>erniit  die  wof* 
of  serum-albumin,  serum-globulin,  and,  in  Revere  oases,  of  blood,    TV 
necrosed  or  degenerating  tubular  epithelium  becomes  entangled  in  ue 

blood  orallnimim.il-  iluid  thus  secreted,  ami  forms  n tdn  of  the  nasi 

tubules.  These  block  the  tubules  and  prevent  the  escape  of  urine, 
while  portions  of  them  appear  in  that  secretion  ax  cylindrical  «*. 
The  amount  of  urine  and  of  urea  secreted  is  diminished,  awl  •cilrrra  '* 
the  loose  connective  tissue  occurs.  That  these  results  an-  not  dm-  -oW* 
to  the  diminished  amount  of  renal  tissue  available  for  --cretMHj  ;* 
prububle  from  the  experiments  of  Bradford,  who  has  shown  that  u* 
effect  of  excising  large  portions  (two-tliinLs  of  the  total  an 
kidney -substance  i-  t"  increase  the  ipiautitv  of  urine  and  .  t  . 
urea,  although  at  the  same  time  (lie  amount  of  urea  produced  is  tbr 
body  is  so  great  that  it  accumulates  in  the  blood.     Thin  i 
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due,  as  Bradford  hints,  to  the  cessation  of  the  action  of  an   internal 
secretion  normally  supplied  by  the  kidney. 

Varieties. — Parenchymatous  nephritis  is  generally  divided  into 
two  varieties,  <//"nwrn/itr  tte./ilirii'm  and  tubular  nephritis.  In  the 
glomerular  variety  the  glomeruli  are  the  principal  seals  of  the  disease 
and  may  be  the  only  part-  affected.  In  the  tubular  variety  the 
tubules  are  affected  equally  with,  and  sometimes  even  more  than, 
the  glomeruli.  Tubular  nephritis  is  subdivided  into  acute  and  ehronic 
wariotion. 

Fiu.  HH. 
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AcuH"  tubular  tiepb  rills,  a.  f*t|iJ]JjL[>  in  It-  "f  v^'inn1  ruins  i-i-iiIijiii I iik  ii  lurse  number  of  leucn- 
eyi«:  ft.  proliferated  nn<l  ■!■_■!=■  nniitmied  ft-ll*  ■•!  <:n\*.u)v  :  r,  extra  vaulted  red  blood-corpus- 
<•]>•■;    •!.  •!' ,  ra|>ill*ry  i.lu..ilvi-»i-]- :  r,  ilt-erncrmrii  I'l.iilnliiil  i'ell-  <l-!nili.'.1  fnim  wall  of 

tubule:  /.  K'HHiilar  degeneration  of  tubular  eptthell ;  -i,  iliii  knn-il  tutiTtubular  tlsnue  ; 

*,  capsular  epithelium;  i,  extrmasaled  liloiKl-rrirpunrlt-s  in  tubule;  j,  extra  vasal  ed  blnod  in 
interlubiilrtr  tissue;  *,  slight  I  j-  (U'Ei'neriit''it  epithelium  :  '.  one  of  many  tubule*  pretelilltln 
Tartous  degree»of  deitenerailnii  or  necrotli  of  their  epithelium,     x  225. 

Morbid  Anatomy.  (J)  Naked  Eye. — In  the  glomerular  form  the 
naked-eye  appearances  may  be  absolutely  normal,  though  occasionally 
the  glomeruli  stand  out  as  sharply  defined  gray  points.  In  the  tubular 
(iiriii  the  kidneys  are  always  larger  than  normal  and  may  be  increased 
to  twice  their  natural  size.  The  enlargement  is  due  partly  to  hyper- 
emia, partly  to  distention  of  the  tubules,  and  partly,  in  some  cases,  to 
o'di'iua  of  the  intertubular  tissue.  The  capsule  separates  readily, 
exjK>-ing  a  smooth  and  often  hypersemio  surface.  The  consistence  is 
dimmi-la-d,  and  the  substance  soft  and  friable, 
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todina]  section,  ili.'  inereaae  in  die  Base  of  the  orpin  i>  » . 

« Jin-  t"  nreUIng  of  ilic  cortical  portion.    This  tuny  Ih  pi 

»  generally  mottled — reddish  patches  being  mingled  with  uboaeei 

opaque  white  or  huff  color.     The  differences  in  oolor  depend  upon 

proportion  which  the  hypenemia  inul  hemorrhage,  on  'I"    ""< 

bear  to  the  accumulation  of  degenerated  tubular  epitbeli ,  •  ■>< 

other.     In  the  earliest  stages  of  the  most  acute  forma  of  tl"  d 
aortas   is  generally  redder  than  natural,  but  if  SOOfl  Ihti.hh>  pair  u 
opaque.     This  Ib  owing  t.i  1 1  «t ■  progressive  neeroaia,  degent 
tooumulation  of  the  tubular  epithelium.     When  henaoi 
Burred  into   Bowman's  capsule,  die  Malpighian   I >»»»« I  i ■ 
prominent  nil  points.     The  pyramids  in  tin-  medulla  are  of  n 
color,  contrasting  strongly  with  die  pale,  opaque  cortex. 

(2)  Jftcroaeopte, — In  the  glomerular  tana,  of  which  the  .-: 

instances  may  be  seen   in  scarlatina,  the  changes  an 

the  Mnl|iii'.iiinii  bodies.     Tlie  intracapsular  spaces  are  (bund  t"  ami 

a   auaber  of  new  and,  us  a  rule,  degenerated   Cells. 

are  derived  from  the  cells  which  onoe  covered  die  vaacolar  mfl 

lined  the  capsule,  which  may  have  thus  lost  all  Its  epithelium,     bfil 

with  these  may  he  a  few  leucocytes  and   possibly  a  few  crib  nam 

from  the  endothelium  of  the  capillaries.     Some  of  the  oaptUtTJ  I 

are  distended  and  contain  an  unusually  huge  proportion  •■*' 


Phiwlm  ttia  -orliina  .*  U 
tbr  iirlnr-tubr* 
.in  of  ih*  ««tlon 

which  not  infrequently  show  signs  of  degeneration,  while  the 
cells  are  much  swollen  and  often   proliferated.      The  new  cell*  n 
limes  ai'r'iinjjaiiitd  liy  so  nnii'li  albuminous  exudation   (liat  the 
tuft  i-eonipressnl  and  the  eirenlat ton  through   il  tin  r 
some  cueci*  the  intima  of  the  minute  urterie*,  especial!)  oftl 
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the  glomeruli,  undergoes  hyaline  degeneration  with  consequent  nar- 
rowing of  the  lumen  of  the  affected  vessels.  The  muscular  cells  of 
the  smaller  arteries  may  also  be  thickened  and  the  nuclei  increased. 
Cloudy  swelling  of  the  epithelium  in  the  convoluted  tubes  may  be 
superadded. 

In  the  most  acute  cases  a  cellular  infiltration  of  the  intertubular 
connective  tissue  may  occur,  with  marked  degeneration  of  the  epithe- 
lium and  a  crowding  of  the  tubes  with  leucocytes.  The  <-ellu!ar  infil- 
tration is  especially  prone  to  occur  in  the  ncighl>orhood  of  the  inter- 
lobular and  stellate  veins ;  but  these  cases  closely  approximate  to  the 
tubular  variety. 

In  btbulnr  nephritis  the  glomeruli  undergo  much  the  same  changes 
as  in  the  previous  variety.  Tubular  nephritis  is,  however,  generally 
more  intense;  the  hyperemia  is  therefore  more  marked,  and  hemor- 
rhage into  Bowman's  capsule  and  the  tubules  is  more  frequent  (Fig. 
294).  In  the  kidneys  of  persons  dying  in  an  early  stage  of  the  disease 
large  numbers  of  red  corpuscles  miiy  accordingly  l>e  seen  in  the  Mal- 
pighian  bodies,  pushing  to  one  side  the  vascular  tufts,  as  well  as  in  the 
tubules,  which  may  l>e  distended. 

The  tubules  show  marked  changes.  These  are  generally  most 
prominent  in  the  convoluted  tubes,  although  they  may  he  almost  as 
advanced  in  the  straight  tubes.  In  the  most  acute  cases  many  of  the 
epithelial  cells  are  necrosed  and  their  nuclei  remain  unstained  (Fig. 
294).  More  frequently,  esjicciully  when  the  onset  of  the  disease  is 
less  intense,  the  cells  undergo  cloudy  swelling  and  fatty  degeneration 
(Fig.  290).  The  dead  and  damaged  epithelium  liccomes  detached  and 
collects  in  the  tubules. 

The  ooagulabie  exudation,  which  now  enters  the  tubules  from  the 
Malpighian  bodies,  forms  the  basis  of  the  numer- 
ous ea»U  winch  block  the  tubules  and  give  rise  Fio.  296. 
to  a  scanty  deposit  in  the  urine.  The  basis  or 
matrix  of  these  casts  is  transparent,  and,  when 
no  other  material  is  imbedded  in  them,  they  are 
known  as  hyaiitte  »mtn.  Casts  containing  blood, 
desquamated  epithelium,  leucocytes,  granular 
dfebris,  or  fatty  molecules,  are  named  according 
to  their  res|>ective  contents  (Fig.  296). 

Later  Changes. — At  this  stage  the  changes 

already  descrilxtl    may  subside,   and,    witli   the  Tumii«t  m-s&diu- ■  •io- 

exception    of    some     desquamation   of    damaged  !i,-. !-'- 'V- »-"V"»e.'iM 

epithelium,     no     further    degenerative     changes  it»  tub*.     In  the  km 

take  place  in  the  kidnevs.     Many  of  the  siir-  n-mmim    ..u«  »-hi<-i> 

viving    epithelial     cells  'proliferate,    but    in    all  tt^CT^Z 

proliability  the  repair  is  never  al>solutely  com-  tnpim.ni  i»  tan,  y  a», 
plete.     Thus   the   organs   return  to  alsjut  their 
normal  condition,  although,  for  some  weeks  longer,  casts  and  albumin 
may  lie  passed  in  the  urine. 
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1b  otb«  case*  the  disease  progresses,  mid,  although 
fa  leas  marked,  the  degeneration  of  the  tabular  epithelium 
In  these  oases,  us  well  us  in  others  In  which  tin-  onset  has  been  6r  le* 
acute,    thi'    i|i's.|ii:iiii:it.'il    I'pitlii'linl    nils    which    RUM    mj    with   it* 

*,  instead  of  presenting  a  swollen  granular  appearance,  as  in  tbt 

earlier  stages,  constantly  contain  molecule*  'if  fat.      The  amount  of  fat 

thus  passed  gradually  increases  us  the  degeneration  proMedij  umil  »lii- 
mately  no  recognizable  evils  ran  be  found,  and  the  &t  app 
globules  in  the  tabe-Otata. 

This  prolonged  fatty  degeneration  of  the  epithelium  i 
corresponding  changes  in  the  appearance  of  the  kidneys.     Nobypenrmii 

Fig.  207. 


Tabular  ntplirllli  ilarie  wbiu*  kMn 
rapniilca,  nc.n  adherent  ■  Wlto,  ; 
tubular  change,  Ihe  cellular  tnlilu 

U  noticeable.  The  enlarged  cortex  presents  a  more  uniformly  jenW 
ish-white  tinge,  studded  with  minute  yellowish  streaks  owing  In  tin 
presence  of  fat  in  the  tubes.  Even  sit  this  stage  repair  DJtaj  occur  tod 
ultimately  recovery  ensue. 

When  the  inflammatory  [irnr»  i-  i.t'  -till  longer  .1 
the  kidneys  are  the  seats  of  repeated  attacks  of  tthasntl  mnanuni- 
tion,  pennanent  change!*  occur  and  the  intcrtubular  connective  tw* 
becomes  involved  {large  trhlte  kit  I  net/)  (Fig.  297).  The  tutnihi 
epithelium  slows  little  tendency  to  proliferate,  and  eonsidcrabht  (■*• 
lions  of  the  tubules  may  be  completely  denuded.  The  inicrtubchi 
tissue  develops  into  a  loose  fibrous  structure  which,  together  with  PP 
atrophy  of  the  damaged  glomeruli  and  denuded  tubules,  leads  to  aw* 
diminution  in  size,  especially  of  the  cortex,  and  to  flight  irregulartj 
of  surface  (miia/l  white  kidney).  The  new  tissue  is,  In  >«  ever,  war* 
uniformly  distributed  and  the  contraction  less  marked  than  ii 
dition  known  as  granular  kidney  (p.  505),  The  surface  is  pale,  iot*i^ 
with  red.  In  other  cases  death  ensues  before  any  niarked  almpby  lot 
tsiken  place,  while  the  tubules  are  distended  or  blocked  by  the  desra- 
erated  products,  aud  the  intcrtubular  tissue  is  loose  and  oxleiuah>u>[f"y 
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wfuit  ki.lnrti).    Attacks  of  subacute  inflammation  not  infrequently  occur 
ID  tin.-  oourse  of  the  more  chronic  cases  of  parenchymatous  nephritis. 

Chronic   Interstitial   Nephritis. 

It  has  already  been  shown  that  an  increase  in  the  interstitial  tissue 
of  the  kidney  occurs  in  the  more  advanced  stages  of  tubular  (p.  504), 


1  ■  rj,.  n:,li.'   kliluey 


and  of  chronic  consecutive  nephritis  (p.  490).  But  this  change  is 
especially  prominent  in  that  most  chronic  of  all  varieties  of  disease  of 
ili.'  kidneys  known  as  contracted  kidney,  {/rutin fur  l-iilney,  rlrrlmiln  nf  the 
kidney,  gouty  kidney,  or  rlinmii-  iittrr.«titi»F  nijilirilix.  In  this  disease 
the  development  of  fibrous  tissue  is  associated  with  atrophy  of"  the 
glomeruli    and    tubules,    and    changes    in    the    walls  of  the    arteries. 


finu 


I'hh'AsKs  of  SPECIAL  TISSUES  AND  '>/:■ 


( ''linifiillv,  tin'  disease  i-  iharait-  ri/.i!   1 1 v  an 

arterial  tension,  |«.lvni-i:i,  hypertrophy  of  the  [aft  rentricle  ■  ■("  tin*  l»*rt, 

and  degenerative  changes  in  other  tissues.     Albamamria,  if  premie,  i 

slight,  and  dropsy  is  absent,  exaepl  u  b  result  of  cardiac  failure.    The 

disease  i-  most  frequent  in  the  declining  period  of  lite.     ! 

associated  with  gout,  chronic  lead-poisoning,  ovci   iudul] 

and,  perhaps  «  often  than  i-  generally  believed,  with 


"■ 


Morbid  Anatomy. 

m  much  diminished  in 


In  a  well-niarlced  cat*     l  'i  ■ 

m:     It-  capsule  ix  thick  and  vrrj 


it   cannot   he  removed  without    tearing    the   -iili-lanee.      Thr  ( 
coarsely  granular  and  of  a  reddish-gray  tint.     On  Motion,  thee 
Itoth  pyramids  and  cortex  i-  seen  to  resemble 
the  distinction   between  cortex  and  pyramid   being  ■<•'•■■■■ 
clear.     The  cortex   is,  however,  more  mottled,  anil  t 
mmedmeM  I"'  made  out  corresponding  to  the  depre 
minute   nodules  on    the  surface   (Fig.   300).     Moreover, 
narrower  and   tougher   than   normal  ;  arid    umall  nystt  an-  .. 
especially  on  it-  rtirliiec       *  -a  I  can -  deposits  may  OOBMfafli 
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white  streaks  among  ibe   tubes  of   the   pyramids.      In   the  earlier 
iges  of  tlie  disease  all  those  changes  will  be  much  less  marked. 


If  a  Motion  ''iH   through  one  nf  the  depressions  just  mentioned  be. 

I    microscopically,  it    will    be    found    to  contain  a  number  of 

-iirunki  n    Malpighiau  bodies  and  ;\  few  atrophied  or  distended  tubes 

i bedded    in   u   mass  of  fibrous   tissue  (Fig.  301).      Bowman's  capsule 

-.  in  each  ease,  m«rc  nr  less  thickened. 

The  rest  of  the  cortex  is  by  no  means  uniformly  affected.     In  many 
the  tubes  are  diminished   in  size  or  completely  obliterated  ;   in 
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others  they  are  diluted  and  filled  with  degenerated  rjiithelin!  jm.ii:-;. 
(Fig.  301).     Their  walls  are  often  thickened.     The  uitfirtufao 
is  inonaaed  throughout,  but  by  do  means  uniformly,  bo  thai 
tjtiently  the  cortex  maybe  traversed  by  irregularly  djapoaad 


bands.  The  Dew  tissue  may  be  largely  cellular  or  densely  fibmil- 
The  atrophy  of  the  Malpighian  bodies  and  adjoining  tub**  may  hri** 
•  it'  proportion  to  the  amount  of  interstitial  overgrowth  (Fiaj  $ 


the  great  thick,  ulna  of  tl 
Internal  connect!  Te-tlnur 
l>  wen  ilir  ttiti'krnini.'  of  I 


irratnilar  contracted  kldaq      t, 
circuit*  mmcutar  ™i.il-oofil 
yer  j  h,  immvi'm-  nertlon 
circular  muscular  and  external  flhraui  < 


The  walls  of  the  interlobular  arteries  and  Ihe  smaller  cortical  iw 
are  much  thickened.  Sometimes  the  external  coal  is  principally  a 
volved,  and  appears  to  l>e  continuous  with  tin- 
Sometimes  the  middle  coat  is  thickened,  as  in  ihe  -i 
the  accompanying  illustration  was  taken  (Fig.  302). 
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this  to  hypertrophy  of  the  circular  muscular  fibres.  Recent  observers 
emphasize  the  frequency  with  which  the  intimn  is  involved  :  the  endar- 
teritis thus  produced  most  closely  resembles  that  form  already  described 
as  syphilitic  (p.  392).  The  changes  in  the  arteries  are  by  no  raeaus 
limited  to  those  of  the  kidneys,  but  are  found  in  the  arteries  of  almost 
any  part  of  the  body. 

In  some  cases  there  is  marked  thickening  of  the  arterial  walls  and 
atrophy  of  the  glomeruli  and  tubules,  but  no  new  fibrous  tissue  (arterio- 
sclerotic kidney — Ziegler). 

Pathology. — The  relationship  which  these  changes  bear  to  one 
another  is  but  imperfectly  known.  It  is  by  no  means  certain  that  this 
relationship  is  in  all  cases  the  same.  Two  explanations  have  been 
suggested.  According  to  the  first  and  older  view,  the  changes  are  due 
to  the  action  of  some  unknown  irritant,  conveyed  bv  the  blood  to  the 
kidneys,  which  causes  proliferation  of  the  connective  tissue  in  the  im- 
mediate neighborhood  of  the  vessels.  According  to  this  explanation, 
a  granular  kidney  is  analogous  to  a  cirrhotic  liver.  The  thickening  in 
the  vessels  and  the  increase  in  the  intertubular  tissue  are  the  earliest, 
and  practically  simultaneous,  changes  ;  while  the  atrophy  of  the  secreting 
tissue  is  due  to  the  results  of  the  contraction  of  the  chronic  inflamma- 
tory tissue. 

According  to  a  more  recent  and  more  generally  accepted  view,  this 
order  of  events  is  reversed.  The  secreting  tissues,  from  overwork  and 
from  the  premature  exhaustion  of  their  inherited  vital  capacity,  are 
unable  to  utilize  such  nourishment  as  is  supplied  by  the  blood,  which 
in  most,  if  not  all,  cases  is  defective  or  even  deleterious  owing  to 
arteriosclerosis,  or  antenna,  or  some  toxic  blood-state.  The  secreting 
tissues,  constituting  the  most  highly  organized  part  of  the  kidney,  will 
have  the  greatest  difficulty  in  assimilating  nourishment  under  abnormal 
conditions,  and,  in  any  general  interference  with  nutrition  will,  there- 
fore, be  those  most  likely  to  suffer.  Thus,  the  shrinking  of  the  glome- 
ruli and  tubules  forms  the  initial  change  (Fig.  300).  The  changes  in 
the  bloodvessels  and  the  increase  in  the  interstitial  tissue  follow.  The 
latter  is,  in  many  cases,  more  apparent  than  real,  being  partly  due  to 
mere  condensation  of  the  previously  existing,  but  more  widely  separated, 
tissue.  As  was  noted  in  regard  to  the  cirrhotic  liver  (p.  494),  so  in 
the  case  of  the  granular  kidney,  it  is  possible  that  the  same  irritant 
may  cause  both  degeneration  of  the  secreting  cells  and  also  prolifera- 
tion of  the  connective  tissue. 

The  subsequent  contraction  of  the  new  tissue  necessarily  constricts 
many  tubules.  The  arrest  of  the  flow  of  urine,  in  those  supplied  by 
glomeruli  whose  vessels  are  still  permeable  will  lead  to  the  formation 
of  small  retention-cysts,  such  as  have  l>een  previously  described. 

Sometimes,  as  stated  alx>ve,  the  arterial  changes  are  more  marked 
than  the  atrophy  of  the  glomeruli  and  tubules.  In  these  cases  the 
endarteritis,  by  diminishing  the  lumen  and  hence  the  blood-supply,  is 
possibly  responsible  for  the  production  of  the  atrophy  (arteriosclerotic 
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kidney),    Cobnb«un  held  that  t li* -  supply  of  \>U<m\  to  tin-  kidm 

With    the   amount    which    it    cmitaim    •■t'    tho-.     -iib-tano--.    which  th> 

kkiueys   normally    eliminate    (ft   </.,    iinn).      Atrophy   of    ptl 

excretory  apparatus,  by  throwing  more  work  on  toe  ran 

not  improbably  lead  to  an  increase  in  the  percentage  of  these  ■ 

in  tlie  blood.     Now,  the  only  way  in  which  lbs  mon 

of  these  by  the  kidneys  (-.in  lie  brought  about  i.-  In  Bfe 

of  the  left  ventricle  and  ;i  simultaneous  increase  in  tin-  resist 

arterioles  of  other  parts.     By  this  means  a  larger  amoanl  of  ' 

be  supplied  to  the  kidneys,  and  their  excretory  (Vtnctioiu  thefebj 

It  is  suggested  that  this  may  result  from  some  reflex  DMcnani 

is  possible,  however,  that  toxie  substances  which  should   be  ■ 

by  the  kidneys  cause  spasm  of  the  arterioles,  and  thus  raiae  the  nrtssin1 

in  the  arteries.      The  heart   bus   to  work   harder  to  OVVTOOBK  Una,  mi 

hypertrophy  of  the  left  ventricle  results.     This  increased  eanhacsstia 

still  further  raises  the  tension  in  the  vessels,     Thickening  of  the  i» 

wis  results  from  tbe  continued  action  of  the  etiological  factai 

and  from  the  increased  Btrain   produced  by   the  byperlrapl 

heart. 

The  enlargement  of  tbe  left  ventricle  18  a  irue  hypertrophv,  ihoufb 
it  is  often  combined  with  a  small  amount  <>l'  chronic  mmmrflitk 

Effects. — The  phenomena  of  iinnnlti,  resulting  Into  defectivi 
of  the  kidneys,  are  discussed  in  tbe  nexl  chapter. 

In  some  forms  of  renal  disease  excretion  of  Baits  is  defect 
the  characteristic  oedema  baa  been  attributed  to  accumulation  of -odium 

chloride  in  i br  tissues.     Tbe  excreti f  water  is,  however, al 

ive  in  acute  affections.     The  appearance  of  albumin  En  the 

tu  damage  to  ihe  renal  epithelium,  which  normally  prevents  tbe  pa*«r 

of  this  substance  from  the  blood. 


Urinary  Calculi. 

Any  of  tbe  passages  or  cavities  of  the  urinary  trad  lined  withfl»- 
thelium  may  he  the  seat  of  hard  eoiiereiii.n-  of  mineral  matter,  knuss 
as  i-aleiili.  Tbe  two  principal  seats  of  these  bodies  an-  1 1 1  Ik*  /•*• 
and  caticee  of  the  kidney  and  (2)  On  urinary  bladder — pceitaons  in  wbiri 
Stagnation  of  urine  is  most  liable  to  occur. 

In  mze  calculi  vary  from  mere  particle-  of  gril  to  m.i 
an  inch  in  diameter.  When  calculi  are  small,  they  are  frequently  mul- 
tiple; when  large,  they  are  usually  single.  Small  calculi  an*  "flni 
irregular  in  *A«/i«,  though  they  tend  to  assiuue  gradually  the  gpteal 
forms  obtaining  among  the  larger  varieties.  The  shape  of  a  Uuge<al- 
euliis  varies  with  the  situation  in  which  it  i-  formed.  Thus  a  largess** 
in   the  pclvi-  of  the   kidney  generally  possesses   irregular  pmjertww, 

corresponding  to  tl penings  of  the  calices  (coral  eoJbnJi);   whik- » 

calculus  in  the  bladder  ts  generally  round  or  oval.  On  wWion,  a  caleok* 
is  seen  to  bo  made  up  of  a  central  nucleus  and  a  crust  coeflposed  rf» 
large  number  of  thin  concentric  lamina?.     Tbe  color,  hardnnos  -anSir, 
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■od  Hwrtifmal  appearance  of  a  calculus  depend  almost  entirely  upon  its 
composition  (Fig.  303). 

The  three  most  important  groups  of  suhstances  found  in  calculi  arc 

(1)  uric  acid  and  its  wilts,  (2)  calcic  oxalate, end  (3)  calcic  and  ammonio- 


Ynlral  mlculni.    The  i*lv 
Ihln  Is  uti  irrvjnilur  1h 

undine  n  mick-iia  of  u 


r  uf  txicic  iiimUu-. 

[ihusplialia.    The  iiim.-rni-.-i   riiiii 
it  oi  ammonium.    Natural  tin:. 


pliiwphatf.    Imnu'diMrly  IBM 


c  oarbo- 


magneak  phosphates  ;  although  other  Habatanoaa,  -uch  as  oal 
nate  and  cystine,  lire  occasionally  met  with. 

(1)  The  uric  arid  calculus  is  of  a  dirty  (awn  color:  its  nrmrnfitamor 
■  hard,  and  it-  surface  smooth  or  slightly  granular.  (2)  The  calrfo- 
oxalate  calcohu  is  dull  grayish-brown,  intensely  hard,  and  coarsely 
granular.     (3)  A  phosphatu  calculus  is  white,  friable,  arid  smooth. 

The  three  types  are  not  infrequently  combined  in  the  same  CalcOfOs, 
giving  rise  t*'  laminie  with  corresponding  differences  in  appearance  and 
'uii-i-ti'iM  \-.  Thus,  a  calcidtu  may  contain  uric  acid  in  the  centre  ami 
oxalate  of  lime  in  the  crust,  or  may  consist  uf  a  nucleus  of  oxalate  of 
liruc  with  laniiiiic  of  calcic  phosphate  and  of  amnionic  urate  around  it. 

In  addition  to  the  mineral  constituents,  a  urinary  calculi 
I  aomnloto  organic  framework  infiltrating  the  whole  calcolnc 
porting  and  cementing  the  mineral  ((articles. 

Etiology. — Although  the  conditions  giving  rise  to  the  formation  of 
calculi  are  but  imperfectly  understood,  it  may  tie  stated  that  they  depend 
partly  upon  general  causes  and  partly  upon  local  changes.  Heredity, 
age,  elimate  (cold),  and  diet  (nitrogenous)  have  each  a  marked  influence 
in  the  production  of  certain  calculi ;  while  such  local  clianges  as  may 
load  t"  damage  of  the  epithelial  lining  of  the  urinary  passages,  and  to 
Stagnation  of  the  urine  are  in  all  probability  -till  more  important 
l  'dculi  due  to  the  former  causes  (uric  acid,  calcium  oxalate) 
might  lie  described  as  primary,  those  due  to  the  latter  (phos- 
pliati-.i  as  sseondarv  (Daniel).  But  the  condition-  are  frequently  com- 
bifMd.      Tuffier  showed  that  dogs  fed  on  nxmnidi?  developed  calculi,  and 


contains 
iod  sup- 
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th;it  particles  of  oxauiide  could  be  Meed  in  l»>tli  tin  i 

tliu  .-till  living  epithelium  at  the  sites  of  the  calculi.      It  .-wins,  it 

fore,  probable  that  degenerated  epithelium  may  have  an   taAneM 

producing  calculi  somewhat  analogous  to  that  possessed  by  ti 

bum  of  me  biliary  passages  in  the  production  nf  gall-etMBCB,  ana  itai 

tin'  ornoic  matter  found  in  the  calculi  is  derived  from  ran  i 

epithelium.     This  is  the  more  probable  from  t I «* ■  fact  that  while  ]»W 

phcttaa  concretions  may  form  around  foreign  bodies  introduced  inin  tbr 

bladder,  this  does  not  happen  until  the  irritation  of  tin-  fori 

lias  produced  a  recognizable  amount  of  iiirlannreitiun.      <  limigcs  in  u» 

reaction  of  the  urine  may  also  aid  in  the  precipitation  of  mineral  nrattir. 

Thus  uric  acid  and  its  salts  tend  to  he  precipitated  when  tbs 

the  urine  is  abnormally  increased,  while  calcic  and  numioui^uiagneac 

phosphates  are  de|n  .sited  in  pm-i-clv  the  <  ^  ■)  ►■  v- «  l--  rimm 

execs-  of  carbonate  of  lime  exists  with  oxalic  acid  in  acid  urine,  oxalste 

of  lime  calculi  are  most  likely  to  be  formed.     It   is  also  probable, ia 

view  of  Turner's  results,  that  the  general  causes  may  lend  to  detail* 

local  changes  in  the  renal  tissue,  dependent  on  the  nature  and  ono* 

tratir.n  of  the  substances  conveyed  to  the  kidneys,  and   that  tlie  prt-n* 

result  may  lie  modified  by  the  antecedent  and  subsequent  local  chanerv 

Thus,  in  one  kidney  was  found  a  calculus  with  a  uric  ,.    I 

a  crust  of  calcic  phosphate]  while  in  the  opposite  kidney  «  m 

with  a  similar  nucleus  but  with  a  calcic  oxalate  ein-i. 

Some  observers  have  attached  considerable  importance  to  the  tfW 
of  bacteria   in  producing  calculi,  but  the  action  of  the* 
nut  essential.     It  is  not   improbably   re-|K>nsible   for   the    > 
phosphates  which  occurs  secondarily. 

Effects. — Urinary  calculi  give  rise  to  irritation  of  the  Hum.. 
the  cavitv  in  which  thev  lie.  ami  not  in  frequently  obstruct  the  outlh* 
of  urine.' 

Renal  calculi    lead  to  atrophy   of  the  glandular  substance, 
nephrosis,  and  concomitant  fibrosis  of  the  kidney.      KIihhI  i>  |'rrqut«n> 
present  in  the  urine,  and   desquamated  epithelial   ell-   may  be  t'liaA 
If  infection  with  pyogenic  organisms  occur,  ;•  ptiruk  n!  inlhmunatimi'** 
the   pelvis   (mp/jttrtititr  pyelitis)    may    ensue,  sometimes   invi  : 
kidney-substance  [  piirloui-phritim)   «r  producing  a  purulent  hydroneph- 
rosis (pyoT«Y>Arnjtw).     Inflammation  of  the  tissue  around   the  kit? 
{ pn-inephritU)  is  a  still  less  usual   result.     The  frequent   necuneneref 
calculi    with    malignant    disease    mu-r    r i- -e    !«■    l"..r-j..it, 
naturc.pt'  the  :i-sr>ciatinn  i-  not  understood. 

Vesical  I'alculi  lend  to  changes  in  the  bladder  of  a  -imilar  nato* 
as  well  as,  in  some  eases,  to  hvjHTtrnphy  of  the  muscular  cf a L  Tbr» 
give  rise  to  severe  pain  and  to  hematuria. 
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XII.  DISEASES  OF   THE   OVARY. 

The  ovary  is  very  eommonly  the  seat  of  inflammation  (oopltorilix). 
In  some  eases  this  may  skirt  as  a  local  or  general  peritonitis  (peri- 
a8pkorW$),  involving  chiefly  the  surface-epithelium  and  cortex  of  the 
organ.  The  tendency  of  such  a  condition  is,  however,  to  spread 
inward  and  produce  a  genera!  oophoritis.  Inflammation  of  the  ovary 
may  end  in  resolution,  or  iu  fibrosis  (xrfirwyxtic  rlintanf)  and  atrophy 
with  luss  of  function  ;  or  it.  may  result  in  suppuration  or  hematoma. 
The  effused  blood  in  the  latter  ease  may  undergo  calcification.  The 
commonest  causes  of  suppurative  inflammation  (ovarian  atueeae)  are 
puerperal  fever  and  gonorrhoea  ;  a  less  frequent  cause  is  tuberculosis. 
In  a  gonorrheal  abscess  the  diploeoccus  of  Neisser  is  never  found,  but 
streptococci  and  staphylococci  abound,  pointing  to  a  secondary  or 
mixed  infection. 

Tubercular  oophoritis  is  nearly  always  a  secondary  infection,  result- 
ing from  a  tubercular  peritonitis  or  from  primary  disease  of  the  Fallo- 
pian tube.     Primary  tuberculosis  of  the  ovary  is  very  rate. 

In  chronic  oophoritis  blond  cysts  are  not  uncommon,  and  in  rare 
instances  they  may  undergo  calcification.  These  cysts  and  the  cal- 
Bftmmu  bodies  so  formed  are  almost  invariably  associated  with  inijHT- 
fcet  development  or  retrogression  of  the  corpus  luteum. 

Owing  to  its  freedom  of  movement  and  to  its  special  functions, 
the  disposition  of  the  ovary  to  the  formation  of  tumors  exceeds  that  of 
almost  any  other  organ  of  the  body.  New  growths  arise  both  from  the 
parenchyma  and  from  the  stroma  of  the  ovary.  The  parenchyma 
consists  principally  of  the  epithelium  lining  the  Graafian  follicles,  but 
■ho,  tn  some  extent,  of  germinal  epithelium.  Both  tlieae  elements  are 
confined  to  that  ]ntrt  of  the  gland  which  is  called  the  oophnron,  and 
which  roughly  corresponds  with  the  peripheral  zone :  they  are  absent 
f'r-nu  the  paroophoron  or  hilnm  of  the  ovary.  Of  parenchymatous 
growths  the  most  common  is  i\i/n/ic  tttlemittiti  ;  vitn-inmntt,  dermoid Cjfdt, 
ami  Uratomata  also  occur  ;  the  last  two  growths  arise  from  the  ovum, 
ami  are  therefore  termed  "  ovigenous."  Of  tumors  which  arise  in  the 
stroma  there  arethreegrmips — ■JibrmiHUa,  tHtrcomata,*n<\  endotheRamata  j 
these  last  arise  from  the  endothelium  or  from  the  tunica  adventitia  of 
The  bloodvessels  and  lymphatics. 

The  ovary  is  the  seat  of  three  types  of  cysts:  (1)  digtmtkm  cysfa, 
including  hydrops  folliculorum  and  cysts  of  the  iiirpus  luteum  : 
,lij  tubu/ocyst*,  including  the  paroophoritic  nr  ■*  hilum  "  cysts,  which 
uri-e  from  the  tubular  relics  of  the  Wolffian  body,  and  the  jHirovarian 
cvsts  which  arise  from  Wolffian  tubules  lying  outside  the  ovary  in  the 
liiesctsalpirix  ;  and  (.'V)  degeneration  cysftt,  embracing  cystic  adenoma,  a 
tmiltilocular  growth  which  is  by  far  the  most  common  tumor  of  the 
ovarv,  and  some  hitein-evsts  which  arise   from  degeneration  of  lntein- 

,-eii-: 

The  question  of  the  internal  secretion  of  the  ovary  is  considered  in 
the  D63tt  chapter. 


CHAPTER   XII. 

INTOXICATIONS,   AUTOINTOXICATIONS,    ANI>    1*1 

DISEASES. 

POISONS. 

The  action  of  bacterial  poisons  on  < Sic  cells  has  already  b 
sidcrcd.      It  was  shown  (ji.  296)  that  such  substancea  entered  ii 
iiiiiatiim  with  ilic  receptors  of  the  cells,  and  thai  if 
in  large  amounts  they  killiil  these  cells,  while  it   tl 
istered  in  gradually  increasing  quantities,  an  eiceaa  of  nan 
produced,  and  tolerance  of  the  poison  in  question  m 

Certain  organic  poisons  derived  from  plant — abrin  Iran 
erofui  from  oroton  oil,  and  riWn  from  castor  oil — m  I 
ner,  ami  antitoxic  serums    can    1m.'  produced  oapal  I 
these  substances. 

Snake-poison. — The  poisons  contained  in  snake- veoom  an  nt fri 
Identified,  lint  their  action  resembles  thai  of  bacterial  potaooa.  Tbia 
it  is  saiil  that  venom  contains  a  copula  ■-:»  |  »:il  <K-  nl'  aitivatini;  an  -I:  I  ' 
already  present  in  the  body.  An  antitoxic  serum  nan  !-■  jfrppanJf 
an  antidote,  but  it  wcm-  that  tin-  prisons  of  different  -nakodinrft 
their  constituents,  so  that   the  antitoxin   prepared  again*!  one  w* 

of  snake   is    ineffectual    ajjain-t    tin1   bite  "f  nl«T,       li-'-ide*  a  nrBK> 

toxin  which  acts  on  the  nervous  system,  snake-venom  contain*  *^ 
stances  which  affect  the  coagulability  of  the  blood  and  break  «p  u> 
corpuscles  ;  and  some  kinds  of  venom  have  the  power  of  dtawolriaf  tW 
cells  forming  the  lining  of  the  small  I>1  lodvcssela,  M  tlut  prtatW 
hemorrhages  an  pfodtload 

In  the  ease  of  the  inorganic   poisons,  and   of  the  alkaloids,  *iwft  <r 
strychnine,  it  would  seem  that  in-trad  of  acting  nn  the  reeepl 
the  poison  attacks  the  main  protoplasmic    I  tody  of  ;l 
toxic  serum  can  Im?  produced  in  such  oaaea. 

Poisons  are  generally  divided  into  groups  a© 
striking  . ■  I ! = -.  t -.  upon  the  IwmIv.  Thus  the  corrosive  poisons,  inrltufi* 
the  strong  mineral  acids  and  the  alkalies,  atH  principallj  "iiuVfdh 
with  which  they  come  into  immediate  contact,  and  en  use  death  natawt 
by  the  local  lesions  produced,  and  by  tlie  pain  and  shod!  thai  f**- 
Mineral  acids,  if  given  in  smaller  closes,  tend  to  reduce  the  alkali"? 
of  the  blond,  and  abstract  from  the  system  an  tnONMwd  amount"! 
ammonia  i<>  neutralize  them.  Intense  fatt}  accumulation  in  the  bvw 
may  be  met  with  in  some  inslann ■-. 
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Irritant  poisons  are  closely  related  to  the  corrosive  poisons,  but  act 
rather  less  destructively  upon  the  tissues  with  which  they  come  into 
contact,  setting  up  a  local  inflammation  of  varying  degrees  of  severity, 
and  subsequently  producing  chemical  effects  upon  the  whole  body  or 
upon  particular  parts  of  it.  As  instances  of  such  substances  may  be 
mentioned  arsenic,  which  induces  intense  gastritis  and  enteritis  by 
its  local  action,  with  remoter  effects  seen  in  neuritis,  conjunctivitis, 
and  affections  of  the  skin  ;  and  cantharides,  which  acts  locally  as  a 
vesicant,  remotely  as  a  cause  of  nephritis. 

Another  large  group  of  poisons  (neurotic)  acts  principally  upon  the 
central  nervous  system,  producing,  on  the  one  hand,  drowsiness  and 
coma  (alcohol,  morphine,  etc.),  or,  on  the  other  hand,  convulsions 
(strychnine)  by  increasing  the  reflex  activity  of  the  spinal  cord. 

No  sharp  line  can  be  drawn  between  the  different  groups.  Thus 
alcohol,  a  narcotic  poison,  is  capable  of  producing  inflammation  of  the 
stomach,  intestines,  and  peripheral  nerves  in  the  same  way  as  does 
arsenic,  an  irritant  poison.  Phosphorus,  which  is  a  local  irritant, 
induces  fatty  degeneration  of  the  liver  as  a  remote  chemical  effect. 
As  a  general  rule,  concentrated  poisons  act  locally,  while  diluted 
poisons  are  absorbed  into  the  circulation  and  act  upon  distant  parts. 
Different  poisons  select  different  tissues  for  which  they  have  special 
affinity  :  thus  phosphorus  affects  principally  the  liver,  cantharides  the 
kidneys,  lead  or  alcohol  the  nerves,  curare  the  nerve-terminals  in  the 
muscles,  strychnine  the  spinal  cord,  morphine  the  brain. 

When  poisons  have  been  taken  in  small  doses  over  long  periods  of 
time,  the  cells  of  the  body  become  accustomed  to  make  use  of  a  lymph 
containing  small  quantities  of  the  poison,  and  adapt  their  chemical 
processes  to  this  new  environment  (dmg-habit*).  If  now  the  poison 
be  discontinued,  the  cells  cannot  immediatelv  become  accustomed  to  do 
without  it,  and  great  physical  discomfort,  and  even  death,  may  ensue 
if  the  withdrawal  of  the  poison  is  sudden  (morphine,  arsenic). 

Excretion  of  Poisons. — Poisons  are  eliminated  by  various  different 
channels — by  the  urine,  by  the  intestine  with  the  feces,  by  the  bile, 
by  the  sweat,  by  the  saliva,  by  the  gastric  glands,  and  by  the  lungs. 
In  the  process  of  excretion  poisons  may  cause  irritation  to  the  organs 
by  which  they  are  thrown  off.  Thus  turpentine  may  cause  inflamma- 
tion of  the  kidney  as  it  passes  out  by  the  urine;  and  toluylene-diamin 
is  said  to  be  eliminated  in  the  bile  and  to  cause  catarrhal  inflammation 
of  the  small  bile-ducts,  with  resulting  jaundice.  Iodide  of  potassium 
is  excreted  to  some  extent  in  the  sweat,  and  gives  rise  to  papular 
inflammation  of  the  skin  by  irritation  of  the  sweat-glands.  It  would 
seem  that  the  liver  plays  an  important  part  in  neutralizing  bacterial 
toxins  which  are  absorbed  from  the  alimentarv  canal. 

AUTO-INTOXICATIONS. 

The  term  auto-intoxication  should,  properly,  be  applied  only  to 
poisoning  by  toxic  substances  formed  in  the  course  of  the  mctalx>lism 
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of  the  tissues  themselves.  It  is,  however,  often  used  far  condiiinm 
of  poisoning  brought  about  by  the-  products  of  bacterial  action  taking 
place  in  the  intestine  :  this  is  obviously  no  mora  Ml  auto-intoxieatMl 
tlun  any  other  form  of  sapramim.  Little  is  definitely  known  iif  tl* 
toxins  produced.  In  cases  of  intestinal  obstruction  Um  breath  Ron  hi 
offensive,  and  the  urine  may  contain  excess  of  iiidican  formed  from 
indol-com  pounds  absorbed  from  the  gut  The  rise  "i*  lettipmiuR 
sometimes  associated  with  constipation  En  children  and  in  convaltsmnf 
patients  may  be  due  to  some  poison  absorbed  from  the 
Mental  depression  is  sometimes  relieved  by  attention  to  the  bn*d>; 
and  it  has  been  suggested  that  some  forms  of  fterJoos  mental  iImm 
(itirlriwltoli'i,  ••pilfji.tij)  may  be  of  autotoxlc  origin  (see  next  chaphfi 
A  similar  causation  lias  been  suggested  tor  some  oases  of  anaemia. 

A u (((-intoxication  properly  so-called  may  arise  from  (1)  relMUiei 
of  secretory  materials  which  should  be  passed  out  from  the  b 
frrjen  elaboration  of  some  toxic  body  by  perversion  of  the  normal  pneea 
of  metabolism  ;  or  (:>)  by  production  of  excess  of  sonic  normal  product 
We  may  include  under  this  heading,  for  convenience  of  arrangement, 
(4)  failure  of  some  organ  to  prodnoe  a  substance  nrwasur  for  tie 
organism. 

(1)  Retention  of  Secretory  Materials. — The  I, Mm--  ■ 
important  secretory  organs,  we  naturally  look  for  examples  of  ttus  f»rm 
of  auto-intoxication  to  <-ases  of  renal  disease.     Two  main  condition* Si 
once  suggest  themselves  as  instances  in  which   (he  urinary  are 
abolished  :  (a)  obstruction  of  the  duet-;  of  the  kidneys  (unlet-),  and  I*) 
extensive  disease  of  the  kidneys  themselves,  in  both  of  which  o 
anuria  or  suppression  of  urine  may  occur.     The  phenomena  it 


m 


ea-es  are  strikingly  different.  In  the  former  case  (oOsfractin 
the  patient  may  live  for  two  weeks  or  more,  exhibiting  no  symptom 
beyond  increasing  weakness  ami  drowsiness,  and  may  at  hwtdirwl* 
denly.  In  the  latter  ease  (non-oOstVurfitw  anuria)  convulsions  rapialr 
occur,  and  the  patient  dies  comatose  within  a  few  days  {tirtrmvt).  Tat 
cause  of  the  difference  between  the  two  conditions  is  not  clear:  weav 
suppose  that  the  former  state  represents  the  effects  of  men  t 
of  waste  products  which  should  be  excreted  in  the  urine.  atf 
the  latter  the  whole  of  the  functions  of  the  kidney  are  in  i 
and  some  "  internal  secretion"  necessary  for  life  is  no  longer  mawv 
laetured  (see  below). 

(2)  Of  perversion  of  secretions  owing  to  di  um  waif* 
form  them,  we  know  nothing  as  a  cause  of  intoxication  :  the  coadidta 
is  purely  hypothetical, 

(3)  Excess  of  a  secretion  normally  formed  in  the  body  i*  pnbani 
res|K>nsible  for  the  disease  known   as  exophthalmic 

disease.      In  this  condition  there  occurs  great  enlargement  of  the  UjjibsI 
gland,  along  with  palpitation  and  rapid  action  of  the  heart,  pi 
of  the  eyes,  sweating,  pigmentation  of  the  skin,  tremor  «f  the  aaaa*. 
and  great   nervous    excitability.      The   patients  are  generally  wte*» 
The  cause  of  the  onset  of  the  condition  is  not  known.     The  argon*** 
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in  favor  of  its  being  due  to  an  excess  of  thyroid  secretion  are,  first,  the 
almost  exact  contrast  which  Graves's  disease  presents  to  the  malady 
known  as  myxoedema  (described  below),  which  is  proved  to  be  due  to 
defective  action  of  this  gland ;  and,  secondly,  the  fact  that  somewhat 
similar  symptoms  may  be  produced  by  administration  of  large  doses  of 
thyroid  extract.  Good  results  are  said  to  have  been  obtained  in  some 
cases  by  treatment  with  serum  or  milk  derived  from  animals  which 
have  had  their  thyroid  glands  removed.  It  must  be  admitted  that  the 
mode  of  action  of  such  remedies  is  not  very  clear. 

(4)  Diminution  or  Absence  of  a  Normal  Secretion. — Internal  secretions 
— that  is  to  say,  substances  useful  to  the  organism,  poured  directly 
into  the  blood  without  the  mechanism  of  a  recognizable  duct — are  sup- 
posed to  be  formed  by  several  organs.  The  existence  of  such  a  func- 
tion in  the  case  of  the  thyroid  gland  is  absolutely  proved,  and  in  the 
case  of  the  suprarenal  bodies  it  is  fairly  well  established.  The  formation 
of  internal  secretions  by  the  ovaries,  testes,  kidney,  and  pancreas  is 
exceedingly  probable ;  while  in  the  case  of  the  pituitary  body  and  the 
thymus  gland  the  evidence  is  less  convincing. 

Defective  thyroid  secretion  is  the  cause  of  myxoedema.  The  con- 
dition is  the  same  whether  the  gland  be  removed  by  operation  or  ren- 
dered function  less  by  some  inflammatory  or  degenerative  process.  In 
children  who  are  the  subjects  of  congenital  defect  of  the  gland  (cretin- 
ism) the  symptoms  are  mental  dulness,  stunted  growth,  broad,  clumsy 
hands,  coarse  features,  expressionless  face,  prominent  abdomen,  and 
a  tendency  to  umbilical  hernia.  In  the  adult,  in  whom  the  disease 
arises  from  unknown  causes,  the  face  is  also  expressionless,  and  has 
been  compared  to  a  mask  ;  the  hands  are  broad  and  spade-like ;  the 
skin  is  dry,  and  the  hair  coarse  and  scanty ;  the  mind  is  dull,  and 
thought  and  speech  are  slow  and  hesitating.  The  pulse  is  slow,  the 
urinary  secretion  small,  and  the  bowels  constipated.  A  curious  flush 
is  often  seen  on  the  malar  eminences,  while  the  rest  of  the  face  is  pale 
or  earthy.  These  patients  are  very  sensitive  to  cold.  If  thyroid 
secretion  be  supplied,  either  by  feeding  with  dried  gland-substance,  or 
by  injection  of  an  extract  of  the  gland  hypodermically,  the  symptoms 
of  the  disease  rapidly  disappear.  The  children  become  bright  and 
intelligent,  and  growth  is  resumed  ;  the  adults  regain  their  former 
health  and  mental  capacity. 

It  is  evident  that  the  thyroid  gland  secretes  a  substance  which  is 
necessary  for  the  nutrition  of  the  cells  of  other  tissues,  notably  of  the 
nervous  system.  What  this  substance  is,  is  not  known,  beyond  the 
fact  that  it  contains  iodine  (thvro-iodin).  It  is  scarcely  imaginable  that 
more  than  a  very  small  quantity  of  it  can  be  daily  absorbed,  so  that  it 
is  difficult  to  suppose  that  it  acts  as  a  direct  food-material.  It  is 
tempting  to  suggest  that  the  gland  supplies  an  intermediary  body 
(copula)  of  some  sort  capable  of  facilitating  the  assimilation  of  food  by 
the  cells ;  but  such  a  suggestion  is  merely  sj>eculative,  and  is  difficult 
to  harmonize  with  the  phenomena  of  Graves's  disease  and  its  treatment 
by  preparations  derived  from  thyroidectomized  animals. 
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Defective  secretion  on  the  part  of  tbe  suprarenal  bodies  i- 
ti>  lie   tlie  cause  of  the  condition   known  as  A4diaor?t  ffftftltr. 

sy  m  pfe  nils  of  the  malady  are  great  weakness  :   (babl  an 

with   very    low   blood  -  pressure  ;  pigmentation  of  the  skin  an  d 

membranes  ;  and  sunn-rimes  vomiting,  diai-rlio-a,  and  m 

After  death  the  suprarenal   bodies  are  found   to  be  tin 

tfegenerstjon   due   to    tuberculosis.      These   glands  normally  contain  > 

substance   which   produces    powerful   constrict  ion   of    tbe   bloo 

it  is  natural    to   attribute    the    circulatory  disturbance    met  with  in 

Addi-on's  disease  tt»  lack  of  this  material.     Feeding    nr^'r**  «itb 

BxtfBCl  i.l'  the  glands   lias   not,  however,  appeared    to  DTOdOH 

beneficial  effect  as  is  the  case  with  thyroid  feeding  in  mjrxoBdeoje;  ■ 

to  the  effect  of  subcutaneous  injection  of  such  an  extract,  tbe 
is  contradictory.     It  has  been  supposed  that  these  glanda  normally  »1 
in    the  excretion   of  pigment    derived    from   breaking  down   of  bud' 
corpuscles,  and  that  the  pigmentation  of  the  skin  is  due  to  accumulation 
of  BOjob  products. 

In  the  oase  of  the  ovaries,  it  is  found  that  removal  of  thaas  mp» 
induces  atrophy  of  the  uterus  and  an  artificial  menopause,      II 
removed    in   a  pregnant  animal,   abortion  occurs,   suggesting  that  tbr 
ovarian  secretion    is   necessary  for  the   nutrition  of  the  fii'tus.     It  h» 
been  stated  that  iu  eases  of  carcinoma  of  the   brent,    reHXH 
ovaries   is   followed  by   involution   of  the   growth  ;    but   this  result  t» 
not  constant.     Cases   of  eborio-epithelioma  of  the    uterus   have  b«** 
found  by  Loekyer  often  to  be  associated  with  cystic  degenentioa  uf 
the  lutcin-tisstic  of  the  ^varies  ;   :i  n-  i  Kraenkel  belicv- 
thc  corpus  hiteiim  arc  i!i"  -ihii'iv  of  mi  internal    wen  ti  ■  ■■■. 
the  life  of  the  foetus.     Removal  of  corpora  Intea  causes  abortion, 
thin  does  not  occur  if  a  corpus  luteiim  be  grafted  in  some  other  form" 
the  body. 

The  existence  of  an  internal  secretion  from  the  testes  is  supporliJ 
by  the  effects  of  removal  of  these  organs  iu  young  animal*.  Tbt 
special  eharacteri-tics  of  the  male  sex  fail  to  appear.  In  .eiiiieh- IW 
voice  remains  shrill,  as  in  women;  ihe  beard  may  Dot  appear.aiJ 
the  general  anatomical  form  of  the  ImmIv  approximate-  t.>  tin  (■ 
type 

Removal  of  the  pancreas  iu  animals  is  followed  by  a  ««*!«>'■ 
identical  with  the  diabetes  mellitus  of  human  beings.  Tbe  nriae  » 
inercascd  in  cpiautity,  and  contains  much  sugar;  then-  H  great  thiW 
and  voracious  appetite,  with  rapid  wasting  of  the  body;  minor  «J 
diaeetie  acid   ap[>ear   in   the   urine;  and  death    may    be   pr<  < . 

condition.  In  persons  who  have  died  of  diabettt,  ib«*  » 
often  found  atrophy  of  the  pancreas,  extensive  fibrosis  nf  the  *mjM. 
or  fatty  degeneration  ;  heniorrbage  into  the  pancreas  may  be  aw*1 
ciated  with  diabete-.  *  >|>i*.'  has  found  in  some  caaes  a  hrafiM  defc* 
erat  ion  limited  to  ibe  -(H-cial  groups  of  cells  called  Islands  of  }.• 
bans,  mid  other  writers  also  have  found  these  structures  diseased.  Thr 
Miggestiou  li;ii  bei'ii  made  that  these  cells  are  ihe  aonroe  of  tlw  inter*! 
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secretion  of  the  pancreas.  This  cannot  as  yet  be  regarded  as  proved  ; 
in  many  eases  of  diabetes  uo  visible  affection  of  these  islands,  or  Indeed 
flf  the  pancreas  at  all,  is  present.  It  is  supposed  by  some  that  the 
internal  secretion  of  the  pancreas  is  necessary  for  the  assimilation  of 
sugiir  by  the  cells  of  the  body,  especially  the  muscles;  by  others  that 
it  neutralizes  a  poison,  formed  elsewhere,  which  is  capable  of  inter- 
fering with  this  process. 

Disease  of  the  pituitary  body  has  been  found  associated  with  the 
peculiar  condition  known  as  acromegaly,  in  which  there  is  great 
enlargement  of  the  extremities  and  of  some  of  the  cranial  bones.  The 
nature  of  the  relation  between  such  lesions  of  the  pituitary  body  and 
the  di.-ease  i~  not  established.  It  is  certain  that  extensive  affections  of 
llii-  body  (cancer,  gumma)  may  exist  without  acromegaly. 

The  assumption  of  the  formation  of  an  internal  secretion  by  the 
kidneys  has  been  already  alluded  to  as  an  explanation  of  the  phenom- 
ena of  uremia  (p.  616).  Certain  experiments  made  by  Bradford,  in 
which  removal  of  one  kidney  along  with  the  greater  part  of  the  other 
kidney  was  followed  by  increased  excretion  both  of  water  and  of  0X60) 
may  point  in  the  same  direction  (p.  500). 

The  phenomena  which  result  from  the  removal  of  some  of  the 
almve- mentioned  organs  (pancreas,  kidney)  may  be  equally  well 
explained  upon  the  supposition  that  in  health  it  is  the  function  of 
these  glands  to  neutralize  poisons  which  otherwise  accumulate  in  the 
system  and  cause  injurious  effects.  Possibly  such  poisonous  sub- 
nffffltffl  are  utilized  by  the  respective  glands  tor  their  own  nutrition  ; 
or  the  latter  may  form  antitoxic  materials. 

NUTRITIONAL   DISEASES. 

Under  tins  heading  two  diseases  must  be  alluded  to,  namely,  gout 
and  diabetes.      Little  is  known  of  the  true  pathology  of  either. 

Gout  is  a  condition  characterized  by  the  presence  of  excess  of  urate 
of  sodium  in  the  blood ;  this  salt  is  deposited  in  the  cartilages  of 
the  joints,  and  also  in  bursa?  and  connective  tissues,  under  certain 
i  irctun-taiiccs  which  are  not  fully  understood,  the  precipitation  in  the 
joints  being  accompanied  by  attacks  of  severe  pain  and  by  symptoms 
of  inflammation.  Uric  acid,  which  is  converted  into  sodium  unite  by 
the  salts  in  the  blood,  is  supposed  to  lie  formed  in  two  ways:  (1)  By 
breaking  down  of  the  nucleo-  album  ins  of  the  tissues,  and  esjiecially 
perhaps  of  those  contained  within  the  leucocytes  ;  and  (12)  from  similar 
substances  contained  iu  the  food.  Excess  of  uric  salts  in  the  blood 
may  be  produced  either  by  increased  formation  of  these  substances,  or 
by  diminished  excretion  of  them,  or  by  failure  to  utilize  or  destroy  them 
in  the  metabolism  of  the  tissues.  Which  process  is  at  fault  in  gout  is 
not  known.  The  association  of  the  di.-ease  with  granular  kidney  might 
nppear  to  point  to  defective  excretion  as  die  probable  cause  ;  but  this 
association  is  not  constant.  Gouty  attacks  are  often  preceded  hy  dis- 
turbances of  digotiou,  and  some  authors  have  siipjxised  tliat  the  disease 
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a  a  toxremiu,  due  to   poisons  formed   in   Uw  lljlttMrtarjl  tnWt      Indul- 
gence in  alcohol  and  in  rich  food   is  almost  certainly  a  factor  In  nuny 
Bases  of  gout     It  is  not  impossible,  on  the  other  hand,  ii, . 
case  is  due  to  si  defect  of  assimilation,  dej-cmlent    ii]->n  m  | 
tin1  normal  chemical  action  of  the  cells.     The  niosl  sorei)  • 
fact    in    iU  etiology   is    its   hereditary    transmission.      Mate*  are  m 
often    affected    than    females — a    |ni-nliar   tcalnre  of    nio-i    Itcmlit 
maladies. 

Diabetes   is    a  disease  characterised   by  the  continu.il   passage 
large  quantities   of  urine   Containing    sugar    (dextrose),        \i- 
this  mere  are  wasting,   increased    appetite,    and   great    thii 
appearance  of  sugar  in  the  urine  is  due  to  the  presence  of 
stance   in   the  blood   in   largely  increased  amount.      A-  with   the  untn 
in  gout,  m  with  the  sugar  in  diabetes,  excess  may  1»-  dm    i 
increased  produotioo  or  to  diminished  excretion,  or  to  defective  utilise 
tion  of  the  bu balance  in  the  chemical  life  of  the  cells.     To  do 
nitely  which  of  these  causes   is  at   work   i-   not   at  ] 
Claude  Bernard,  noon  after  his  original  discovery  of  the  axi 
glycogen  in  tile  liver,  showed   further  that  puncture  of  the  ll 

■  would   produce  glycosuria  ;  this  was  aupaitMl)  dm  R* 
disturbance  of  the  circulation    in  the  liver,  with   resulting  rapid  <■■■ 
version   of  glycogen   into  sugar  and   passage  of  this    sugar   into  tir 
blood.     The  glycosuria   which   nccompanics    some    forma  of 
injury  and  disease  is  almost  certainly  of  this  nature  j  it  i*  bw  i 
eni    than    the    transitory    glycosuria   of   the  "puncture"  n 
merely  because  tlte  cause  persists.     Such  cases  are  perhaps 
lie  ealled  diabetes.     True  diabetes   may,  however,  result  from  tnu- 

inatism  of  various  kinds,  and  in  such  instances  * i  other  fat 

to    enter    into   the   causation    of  the    condition.      A    condition   nla»sl 
exactly  identical  with  diabetes  mellitus  is  produced   by  poia 
the  gluooside  phloridxin.     Injection  of  suprarenal  extract  pnsJucw  ■ 
vary  similar  condition,  apparently  by  .'i  direct  reducing  action  upon  ' 
pancreas.     The  effect  of  experimental  removal  of  thi-  organ  has 
already  mentioned  (p.  SIB), 

In  true  diabetes   it   has   |H(  it   suggested  ( 1 )  that  the  liver  ii 
i  retain    the  glycogen  which    is   usually    stored   up   in    it,  and 
therefore  passes  rapidly  into  the  Ideal  (01.  Bernard]  .  i  J     ■ 
ferment  normally  ciintained    in   the  blood,  by  which  -ugar  i-  d 

nbsenl    in  diihetes  (Lupine)  ;   (3)  thai    some  toxin    Is    formed  whir* 


llKW» 

»»Ur 

- 


interna 


way 


with   the  production  or  utilization 

t(4)  that  carbohydrate  food,  which  is  usually  absorbed  tram  d  i 
in  the  form  of  fat,  is   in   diabetes  absorbed  as  sugar,  which  passes  bto 
the   bloodstream   and   acts  as  a    poison  (Rivyt.      Tbw 
present   sufficient   data  available  to  settle  which,  if  any,  of  then 
represents  ihe  tnie  nature  of  the  disease.      In  severe  maw  of  i 
-ugar  is  undoubtedly    formed   by  breaking  down  of  the 
body  :    it    is    impossible    to    la-  sun'   tlial    this    process    ia    not  i 
ihroughoul  the  affection. 
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In  diabetes  it  is  found  that  the  alkalinity  of  the  blood  is  diminished, 
owing  to  the  formation  in  the  system  of  organic  acids  (aceto-acetic, 
/3-oxybutyric,  etc.).  This  acid-intoxication  is  very  characteristic  of 
diabetes,  in  which  it  occurs  with  the  greatest  intensity ;  it  is  found, 
however,  in  other  conditions,  such  as  infantile  enteritis  and  starva- 
tion. The  source  of  the  acids  formed  is  not  certainly  known,  but  there 
is  reason  to  believe  that  they  arise  by  the  breaking  down  of  fat,  to 
which  oxybutyric  acid  is  closely  related.  Under  normal  circum- 
stances oxybutyric  acid  is  excreted  as  acetone,  the  substance  which 
gives  the  sweet  smell  to  the  breath  of  diabetic  patients ;  but  in  diabetes 
this  acid  and  aceto-acetic  acid  may  appear  in  the  urine  along  with  the 
acetone,  which  is  present  in  very  large  amount.  Probably  as  much 
acetone  may  be  eliminated  from  the  body  by  the  breath  as  in  the 
urine.  The  organic  acids  enter  into  combination  with  ammonia 
derived  from  the  proteids  of  the  body,  and  are  excreted  as  ammo- 
nium-salts in  the  urine.  The  effect  produced  is  equivalent  to  poison- 
ing by  a  mineral  acid  (p.  514);  indeed,  Bunge  held  that  the  acid 
substance  which  actually  accumulates  in  the  body  in  acid-intoxication 
is  sulphuric  acid. 

It  is  now  held  that  the  coma  in  which  patients  suffering  from 
diabetes  often  die  is  due  to  the  acid-poisoning.  Attempts  have  been 
made  to  identify  the  toxic  agent  with  one  or  other  of  the  substances 
formed — acetone,  ^9-oxybutyric  acid,  /?-aniido-butyric  acid — but  without 
success. 

The  nature  of  obesity,  which  appears  also  to  constitute  a  "  nutri- 
tional disease  "  in  many  instances,  has  already  been  discussed  (p.  48). 


CHAPTER   XIII. 

PATHOLOGY   OF  THE   NERVOUS  SYSTEM. 
INTRODUCTION. 

The  morbid  processes  affecting  die  nervous  system  are  numetw 
iind  varied,  but  they  are  usually  divided  into  two  gpnip-  .     I 
(tHHHS,  ("2]  Functional  dist't/liruu;.      Snub  n  ela«  ificatimi  <[■  |- 
whether  or  not  symptoms  observed  during  Ufa  era  be  ■eaoi 
changes   of   the   nervoos  system,   gru.-s  i.r   tn i»i-> *-< 
after  death.     As  was  previously  stilted  (p.  21),  functional  dbofd 
sarily  involves  the  existence  of  structural  change,  although  ilii-  nq  h 
so  minute  (molecular)  as  to  escape  notice,     Many  dw 
vous  system  which  are  classed  as  function*]  are  pen 

actii f  poisons;   others  depend    ujnm    inherited  intriamftj 

ency  to  chemical  obange)  of  the  oell-aubatance.  The  paroxysms) 
neuroses  and  psychos — •■.  •/.,  epilepsy,  migraine,  certain  forms  <i 
mania  and  melancholia — are  not  improbably  brought  nbral  by  rau«^ 
belonging  to  one  or  other  of  these  last  categories. 

Morphology.- — The  histological  element*  which  make  op  n* 
nervous  system  are  derived  from  the  outer  and  middle  layer-  <  I  i 
blastoderm.  The  epiblast  furnishes  the  nerve-cellii  and  their  jienceww, 
tlir  neuroglia,  and  the  epithelium  lining  the  ventricles  and  the  ccntnl 
canal  of  the  spinal  cord.  The  mosoblaat  furnishes  the  blot* 
lymphatics,  and  membranes  of  the  bmhl,  and  the  neurilemma  or  nu- 
cleated sheath  of  Schwann.     The  origin  of  the  myelin  wheal 

known.      The    study    of  the    development    of    t hi-    nn-v-m-    -v-;.tn... 

observations  made  by  tin1   methods  of  Golgi  or  b)    m 

them,  liave  demonstrated  thai  in  all  vertebrates  the 

meiits  consist  of  independent  complex  cells  which  arc  generally 

of  as  ■nnms."     The  mor|iliological  ehnracterBof  all    neurons  ai  «* 

period  of  development  arc  ftindamen tally  similar — via.,  a  cell  roneitnar 
of  spongioplasm  and  hyaloplasm  containing  a  nucleus  and  nuel(ub»> 
From  tlii-  i'i  II  proees* i-Lii'nw  i mt,  and  these  processes,  which  are  prohelit 
mnde  up  uf  delicate  librillie,  arc  continuous  with,  and  of  the  -awe  1»- 

chemical  nature  as,  the  In work  of  the  cell-substance.      One  pi 

the  cell  gives  off collaterals  and  become-  the  'ixoi>  of  a  nerve-fibre;  tW 
others,  termed  rlrwlmnt,  branch  many  times  like  h  tree,  am)  tcrminsfc 
in  an  apparently  inextricable  network  (Fig.  304).      Within  the  Bsfr 

ImxIv,  lying  in  the  s|mccs  of  the  -[ -v  network  {apangiapbum)  is  lb 

so-called  ht/titopltumi.     The   stain ing-mctbod  of  Nisid    shows   that  ikr 
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spongioplasm  and  hyaloplasm  differ  in  chemical  constitution,  for  the 
fanner  is  unstained  by  basic  aniline  dyes,  and  is  therefore  termed 
"  achromatic,"  whereas  the  latter  is  "  eliromatie  "  and  readily  takes  the 
stain.  The  blocks  of  colorable  substance,  seen  in  the  large  motor  cells 
of  the  brain  and  spinal  cord,  are  tensed  .WW  bodies.  They  consist  of 
extremely  line  particles  suspended  in  a  fluid,  and  are  said  to  represent 
a  store  of  energy  or  food.     It  will  be  observed  that  Nissl  bodies  in  the 

Fig.  301. 


A.  Dlnimiinnisttr  reprenrtiliitkui  ■■!  1V1?  ilcmlmn  ami  dendrite*  of  a  c 

the  ta.neentin.1  RblM  running  at  right  angles. 

B.  Exact  copy  uraDilcropluitogrupli  nf  iin*  deudrim  ami  dendrite*  w 

ftMCUm  Of  the  brultiufii  dog  kept  four  houra  under  ehloro  form 
All  Hit-  protease*  are  hcl-ii  *  u.dded  with  little  buds  or  gemmnles. 


form  of  spindles  exist  also  on  the  dendrons  ;  in  fact,  the  axon  can  always 
be  recognized  by  the  absence  of  these  chromatic  bodies.  In  all  proba- 
bility these  Nissl  bodies  do  not  exist  in  the  living  cell,  but  preeipita- 
ii"N  incurs  on  the  death  of  the  nerve-cell,  as  in  the  case  of  myosin 
(torn  dead  muscle-plaBma,  since  the  Erhlich  intra  vitam  methylene- 
blue  method  does  not  exhibit  Nissl  bodies.  The  value  of  the  results 
obtained  by  the  Nissl  method  is,  however,  undoubted.  For  the  study 
of  pathological  alterations  it  matters  little  whether  the  Nissl  bodies 
aif  preformed  bodies  existing  'mini  viinm  or  are  the  result  of  precip- 
at  long  as  it  is  known  that  a  healthy  nerve-cell  differs  from 


S24 


PATIIOL'k.Y  OF  THE  SKIlYoU*  sYS'TFM 


■ve-cell  by  the  appearance  of  the  stained  BBbatanoai 


. 


ii  diseased    | 

Plate). 

The  method  of  Golgi,  or  modinoationa  of  it,  teadm  08  DOtUogd 
the  internal  constitution  of  the  neuron,  and  is  not  likely  to  tnU  ■ 
valuable  results  from  a  pathological  as  it  his  fnuu  an  ajntfOIBti 
of  view.     The  fundamental   conception  of  the  neurons  ah  indepen>hil 
morphological  units,  in  contiguity  bat  not  in  continuity  one  witi) 
yet  withal  possessing  physio  logical   association  and  mutual    interdcpfn- 
dence,  is  of  the  greatest  importance  in  the  study  of  rjerroua  dj  i 
es'ieciallv  aa  affording  an  explanation  of  those  morbid  condin  ■ 
are  termed  functional.     The  chrome-silver  and   mercury  math 
shown  that  studded  all  over  the  branches  of  the  dendrona 
are    little    buds  or   gem  mules    (Figs.   S04    and  306);    and    ilm  : 
branches  (eollattrak)  are  given  off  from   the  axon.      I  I 
also  been  demonstrated  in  vertebrates  by  the  intra   tti 
blue  method.     A  neuron  in  a  series  or  system,  although  i 
physiological  relation  with  the  dendrites  of  the  next  in  the  aarim  (ft 
the  motor  efferent  system,  Fig.  333)  is  not   in  nmrtftBii 
witb  tbeni. 

The  cerebrospinal  neurons  may  be  divided  into  afimU,  rfrmt, 
and  wmciuitaH  system-,  but  tlie  last  are  by  far  the  moat  numerou.-,  mi 
constitute  the  great  bulk  of  the  brain. 

Theories  of  Interneuronic  Relationship. — All  tin 
are  in  physiological   ivlatiotiship.     The  nervoua  impulses  or  u 
vibrations  are  transmitted    inward  the   nerve-cell    by  the  dtodlUMI 
away  from  it  by  tbe  axon.      In  a  system  or  series  of  net 
multitudinous   points  of  contact,  it    is   conceivable   that1    ptryinlfll 
inlerneuroiiic  relations  may  vary  owing  to  retraction  < 
proceesea  of  one  from  contact  with  the  terminal  arboriaatioM  of  uV 
s  of  another,  so  that   the  molecular  vibrations   may  pan   ihmnrfc 
svsiini-,  or  communities,  of  neurons  with  a  variable  degree 
r  rapidity. 

Many  apparently  inexplicable  problems  relating  lo  normal  and  | 
okgicaJ  functional  conditions  of  repose  and  activity  oould  l»-  • 

!>BS<-mPTIOS    llf   1*1.  ATE. 

Plats.— 1.  l*nte  Rem  cell,  fairly  normal,  dtowlag  lbs  Baal 

body  of  Uie  1*11  and  on  the  |in«-B«n».  2.  Degenerated  o*tl  In.iii  U 
caw.'  i if  general  paralysis.  8.  [Jitl",  itmri-  iulv.-iiuvtl  degeneration,  villi 
4.  I'oalerior  »pin;il  giiriglioii-cell,  nIiowIiii;  rlin  ilitli-mit  distri  tuition  nf  tbe  d 
ntilw|:itn\>.  ■>.  I>c«er]er»ted  eel!  from  experimental  cerebtaj  tattwj 
wilh  I  and  9.  The  cell  is  swollen,  the  Niwd  granule*  in  ibaM  «,.t 
lint'  dust  nf  nili>rshlt.'™li«tiitHf -iriinii)|fl.lii'  i.'ll  unif..rnilv.  Ii.  I'ntjerinr  ,  ._ 
ivtl.  showing  piRinetiUilinn  !iL  one  i-ile.  T.  A  pyramidal  fell  front  the  cwrlei.  «™ 
softening  from  tig* tun-  nf  cerebral  arteries,  showing  plia**  yt«  sticking  '■■  ihr-lrmd  "»£ 
mil  ili'vuiiriiiK  iL  s.  L*rge  pyramidal  ■-■-!  I  of  1 1n-  mtln  cerebri,  showing  ilaewra  sf 
the  Meal  Rrannle*  in  the  tody  ami  the  proemus;  uniform  staining,  Froai  «  oats' 
hvperpyreiia.  U.  Large  pyramidal  fell  of  the  cortex  cerebri,  abowiog  liuia,  if  awy. 
rbnnge.  Kri'IU  a  owe  of  septicemia  of  rtinniileriitilt-  duration,  Ina  without  hirh  sr»w/ 
tile  figures  are  exact  nprr-eniationh  nf  inicmphot(<graph«.  MsgiuarUi.o  ••"  1,  I 
9  is  "HO  dinmeicrs  ;  of  :i,  4.  7,  tf-'itl  diameter* ;  of  6,  '200  dr '■ 
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by  such  a  theory  of  association  and  dissociation  of  the  interneuronic 
connections.  The  theory,  however,  as  yet  rests  upon  a  very  slender 
foundation  of  facts.  Movements  in  the  nerve-cells  of  a  minute  aquatic 
animal  having  been  observed  under  the  microscope,  it  was  conceived 
that  the  terminal  twigs  of  the  nerve-fibre  processes  might  elongate  and 
so  come  into  better  contact  with  the  dendritic  processes  of  the  next 
neuron  of  the  series.  This  led  to  the  idea  that  sleep  and  unconscious- 
ness from  anaesthetics,  and  narcotics,  also  trance  aud  hypnotic  state, 
hysterical  paralyses  and  anaesthesia;  and  other  conditions  such  as  cata- 


A.  Pyramidal  cell  or  cortex.  From  caie  of  acute  KifXviiing,  due  to  experimental  ligature  of 
veaaela.  Stained  by  chrome-silver  method.  Shown  practically  normal  appearancei  of  the 
cell  and  lis  proceuee,  but  by  Nfsnl  method  profound  changes  were  evident.  It  la,  therefore, 
probable  that  this  method  la  not  mil  tabic  for  studying  acute  cliangei  lit  the  neurona. 

B.  Normal  neurog  Ma-cell.   Stained  by  chrome-ell  re  r  method. 

tonia,  catalepsy,  etc.,  might  !*■  due  to  retraction  of  the  terminal  twigs 
of  the  sensory  neurons  on  the  surface  of  the  brain,  so  that  contact  is 
broken  and  the  transmission  of  nervous  currents  is  thereby  interrupted. 
The  attempt  has  been  made  to  find  a  basis  for  this  theory  of  retraction 
of  the  terminal  buds  or  points  of  contact  of  the  branching  processes  of 
the  dendrons  by  fixing  in  various  fluids  small  pieces  of  the  brain  of 
animals  which  had  been  anesthetized  with  chloroform,  morphine,  or 
other  narcotics,  and  comparing  the  appearances  presented  by  the  den- 
drons with  those  seen  in  the  brain  of  an  animal  killed  suddenly.  Tin' 
results  obtained  have  been  divergent.     A  priori,  it  would  seem  more 
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probable  thai  cerebral  activity  is  aaaociatod  with  a  flitting  «*ff  rf  lat 

great  majority  of  interneuronic  connections  and  the  8ft 

current  traversing  :i  few  ;  that  during  repose  or  under  narcotic-  i 

is  a  general  expansion  of  the  getnmulea,  due  t"  exhaustion  of  A 

contractility ;  and  that  thus,  all  the  neurone  being  in  Qontm 

currents  are  so  dirniscd  that  they  are  not  of  sufficient   inUn 

intci  o 

The  other  histological  elements  derived  from   the  apibbul  an-  l 
nenroglia-oells  and  fibres.     Their  function  is  to  support   tie 
According  to  Weigert,  tin-  cells  are  independent  of  the  flbn 
generally  believed  that   the  netiroglia-eeila  have  Dumben  of  branrh 
]  in  messes  (Fig.  ■MK>)  wliieli   pass  in  all   directions  between  <■■■ 
nf  the  neurons,  and  various  theories  have  been  elaborated  giving  t 
the  neuroglia-cells  important   functions  apart   from  men-  snpp 
properties.     Some   neuroglia -re  lis   have  an   expansion  Ofl 
bloodvessels,  and  the  opinion  has  been  expressed  that  thej  i 
of  contracting,  and    thereby    causing   expansion   of   I 
determining  more  Mood  to  nervous  structures  which  are  in  tun 
activity.     They  have  also  been  thought  to  have  the  fundi 
trading  and  drawing  together  thereby  the  terminal   proa 


Causes  of  Disease.— A  correct  understanding  of  neuropa 
involves    the  study  of:   (I)   The   causes  whieli    give    rise   to   i 
diseases  ;  these  are  often  complex,     (2)  The 
and  functions  of  the  nervous  system  brought  about  by  these  eain- 

Tin' causes  of  pathnlogical  processes  occurring  in  tl»   m 
mav  be  divided  into  internal  anil  external,  but  it  may  be  remarked  fl 
in  nearly  all  eases  except  those  due  to  direct  injury  the  two  an-  i 
less  eonihineil. 

Imkhnai.  Caisks. — Of  all  the  causes  of  nervous  dis<-use,  . 
jimlifijiiinitiiiii  stands  pre  eminently  first.      It  mav  comi 
or  both  of  the  parents,  or  from  more  distant  ancestors.    Strict!)  ■ 
it  is  the  tendency  to  nervous  disease  and  insanity  niiher  than  the  d 
itself  that  is  inherited,  and  this  is  frequent!)  spoken  ofi 
tendency,"     There  are.  besides,  a  number  of  inherited  duauaai  » 
affect  members  of  a  family  ;  the  disease  frequently  conn, 
individual  at  alxmt  the  same  age.     These  arc  termed  "  family  rlt* 
—e.g.,  hereditary  ataxia   (Friedreich's  disease),  heredU 
various  forms  of  idio/xdhic  muncvlar  atrophy.     Alcohoti 
in  the  parents,  especially  if  one  or  both  come  from  a  neuropathic 
frequently  engender,  by  the  production  of  defects  in  the  germinal  | 
arrest,  imperfect    development,  or  premature    decay   of   \' 
causing   idiocy,   iinbtvility,  and   dementia.      Like   all    a  I 
depends   for   its  development,  life,  and   functional  aetii 
able  environment.     It   must  also   |mishcss  an  inherent  vie 
which  it  can  assimilate  and   store   up  nutrient   material,  which  mav  '• 
regarded    as  /jotentud   energy,    to    l*    converted    into    nerve-forw  i 
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required.  A  constant  constructive  and  destructive  bio-chemical 
process  occurs  in  the  nervous  elements,  and  in  a  healthy  nervous  sys- 
tem the  balance  of  potential  is  high,  and  the  sense  of  fatigue  is  the 
natural  indication  for  sleep  and  repose  by  which  nervous  energy  may 
be  recuperated.  It  may  be  conceived  that  in  some  portions  of  the 
nervous  system,  especially  the  brain,  there  may  exist  systems,  or  groups 
of  neurons,  with  inherited  low  potential,  rapidly  becoming  exhausted, 
and  especially  liable,  therefore,  to  depression  of  function — e.  </.,  hysterical 
paralyses,  anaesthesia,  and  melancholia ;  or  the  bio-chemical  substance, 
which  represents  potential,  may  possess  an  inherent  chemical  instability, 
and  readily  fulminate  when  an  appropriate  stimulus  occurs,  thus  acting 
as  a  centre  of  discharge  of  nervous  energy  and  causing  excessive  func- 
tional activity,  which  may  be  manifested  by  mental  or  bodily  symptoms, 
e.  g.}  mania  and  epilepsy.  Lastly,  there  may  be  functional  disturbance 
of  the  harmonious  interrelations  of  the  nervous  elements,  with  failure 
of  co-ordination — e.  a.,  chorea. 

External  causes,  producing  morbid  changes  in  the  nervous  ele- 
ments, are  dependent  upon  (A)  abnormal  conditions  of  the  blood  and 
lymph,  by  which  the  neurons  are  poisoned,  and  their  metabolism 
affected ;  (B)  excess  or  deficiency  of  normal  excitation,  or  the  exist- 
ence of  abnormal  excitation. 

A.  Abnormal  Conditions  of  Blood  and  Lymph. — The  immediate  envi- 
ronment of  all  the  cellular  elements  of  the  body  is  lymph.  In  the 
central  nervous  system  a  special  form  of  lymph,  the  cerebrospinal  fluid 
is  secreted  by  the  choroid  plexuses.  The  lymph  serves  as  the  medium 
of  exchange  between  the  blood  and  the  tissues,  and  the  essential  causes 
of  change  in  the  environment  of  a  nerve-cell  are  alterations  in  the  quan- 
tity and  quality  of  the  blood-supply. 

1.  The  Quantity  of  Blood-supply. — A  frequent  cause  of  disease  of 
the  nervous  system  is  a  failure  of  the  blood-supply  to  some  jx>rtion  of 
the  brain.     (See  Embolism  and  Thrombosis,  Chapter  VII.) 

2.  Quality  of  Blood-supply. — Insufficiency  of  oxygen  due  to  ansemia 
leads  to  functional  depression,  lassitude,  and  mental  fatigue.  Impover- 
ishment of  the  blood  in  women,  by  frequent  pregnancies  and  excessive 
lactation,  causes  neuralgia,  nervous  exhaustion,  and,  in  the  neuropathic 
subjects,  hysteria,  neurasthenia,  melancholia,  and  mania.  Probably 
there  is  an  alteration  in  the  composition  of  the  blood,  in  the  nature  of 
an  auto-intoxication  or  a  "  sub-minimal "  deficiency.  The  most  strik- 
ing examples  we  have,  however,  of  the  effect  of  absence  or  "  sub- 
minimal "  deficiency  of  a  normal  constituent  of  the  blood  upon  the 
development  and  functions  of  the  nervous  system  are  afforded  by 
cretinous  idiots,  whose  brains  are  arrested  in  development  in  conse- 
quence of  the  absence  of  the  thyroid  gland,  and  by  the  subjects  of 
myxvedema.  The  proof  of  this  is  shown  by  the  disappearance  of  the 
nervous  phenomena  of  myxedema  on  making  up  the  deficiency  by 
administration  of  the  gland  by  the  mouth. 

More  important  than  delects  of  necessary  material  are  the  toxic 
causes  of  diseases  of  the  nervous  system.     Thev  mav  consist  in  : — 

(a)  Excess  of  Normal  Constituents  in  the  Blood. — Carbonic  acid,  and 
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nitrogenous  waste-products,  may  be  given  as  examples  of  normal  o«s 
stkuents  which,  if  in  UQMB,  gfv*  rite  to  symptoms  of diseftM 
Graved*  duMOM,  nervous  phenomena  in  the  form  of  exophthalmos,  pdpi- 
tation,  fine  tremors,  untl  mental  excitement  iiuiy  In'  eearibed  to  euaa 
of  thyroid  secretion  escaping  into  tin.-  blood 

(ft)   The  presence  in  tin-  blow!  of  abnormal  eoaanrueafij   in  the  nwrf 
important  extrinsic  cause  of  nervous  disease,  and  we   may  >m 
subject  under  the  following  headings:  (1)  poisons  produred  within  ti* 
bod  if,  by  pm-i'i-li-d  f'uitrtinu  of  the  urrjan*  or  tissue*  (out 
\m  tin-  action  ';/'  muro-oraonunu  upon  As  Hmng  fhudt  and  tissue*  of  tU 
botli/ ;  (2)  petsona  iiitrotfurril  into  the  body  frtm  w&kowL 

(1)  Poison*  Prodvoed  wUhm  As  Body. — Tin-  bead  example*  of  suv 
intoxication  are  afforded  by  unemin,  the  nervous  mauitestailonsof  uliidi 
are  headache,  drowsiness  or  coma,  and  epileptiform  convulsions  ;  w*ui- 
limes  symptoms  of  polyneuritis;  excess  of  unoocid  in  tin-  |.i, 
is  associated  with  high  arterial  pressure]  headache,  and   nerve 
hility;  diabetm  (a  result  of  imperfect  metabolism)  may  causi 
neuritis  and  coma,  the  latter  being  often  heralded  by  •urtoiumua,  which 
may  be  regarded  as  a  form  of  auto-intoxication  ;  chotamia, 
from  obstructive  jaundice,  may  be  attended  by  stupor  and  psychical  d7- 
pression.      Again,  the  rapidly  lata  I  results  attending    ■ 
of  the  liver,  the  profound  changes   in  the  urine  and  blood,  the  jetuiiJii* 
accompanied  by  the  nervous  phenomena  of  delirium,  motor  irritation, 
delusions,  stupor  and  coma,  demonstrate  the  important  pari 
plays  in    maintaining  the  normal  quality  of  the  blood.      In  /•rrniei'-"- 
riiiiriiiia,:in(\  in  other  grave  ana-mias,  degenerative  changes  in  the  spinal 
cord,  of  the  nature  of  a  combined  sclerosis,  are  frequently  found,  sod 
an>  probably  not  so  much  due  to  the  deficiency  of  red  corpuaotl 
some  toxic  substance  arising  from   imperfect  KiftabouM 
product  of  the  breaking-down  of  nervous  tissue,  bu  been  dknm 
Donatb  to  be  cabbie  of  producing  convulnoM. 

We  do  not  know  the  nature  of  the  rheumatic   potton,  but  m 
that  it  is  especially  liable  to  be  followed  by,  or  associated  with,  i 
and  hyperpyrexia,  indicating  a  selective  action  of  the  poieon  up>»  uW 
cells  of  the  cortex  cerebri. 

Examples  of  poisons  due  to  micro-organisms  occur  in  many  inftr- 
tive  diseases — e.a.,  typhoid  fever,  typhus,  smallpox, 
measles,  influenza,  pneumonia,  septicaemia,  tuberculosis,  (Vlirnmi  *• 
a  frequent  complication  in  these  diseases  ;  it  may  lie  the  result  of  ihr 
high  fever,  or  of  the  poison,  or  of  the  fever  and  the  |»'i-m  ■-> ■oibiutd 
In  seven-  cases  stupor  and  coma  may  occur,  and  it  lias  two  thorn 
that  in  this  extreme  stage  the  nerve-cells  of  the  cerebral  <->>rtex,  ifd 
also  of  the  spinal  cord,  undergo  an  acute  morbid  bio-chemical  ebup 
(ride  Piute).  These  particular  poisons  liave  not  a  selective  ■ctim 
iipoh  any  special  part  of  the  nervous  system,  but  many  cam  ^ 
neurasthenia,  insanity,  neurosis,  and  neuritis  date  their  mud  from  If 
acute  Bpeeific  fever. 

In  cerebrospinal   meningitis,  posterior    basic   meningitis, 
meningitis,  acute  delirious   mania,   and    leprous  neuritis   the 
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lion  ut'  the  enclosing  and  supporting  ti— tu>  is  due  to  the  growth  therein 
of  the  specific  organism,  ami,  by  una  logy,  we  might  suppose  that 
syphilitic  affections  of  the  nervous  system  are  due  to  some  specific 
micro-Organ i~ in  attacking  it.-  enclosing,  supporting,  anil  vascular  tissues. 

Some  poiaaaa  have  a  selective  irtftutnoe  upon  tome  pari  of  the  nereout* 
Igtten.      Tin*  syphilitic  poison   is   the  must  important  factor  in  the  pro* 

Jiu-ti ftwo   progressive  degenerations  of  the    nervous  system,  one 

uffeoting  especially  the  afferent  conducting  tracts  of  the  spinal  cord, 
viz.,  locomotor  ataxy;  the  other  affecting  especially  the  frontal  and 
'eiiinil  convolutions  of  the  cerebral  hemispheres,  viz.,  general  paralysis 
of  the  insane.  A  striking  instance  of  the  selective  action  of  the 
tjfp/u&tia  poison  is  shown  in  the  tact  that  only  in  persons  atfected  with 
acquired  or  inherited  syphilis  is  the  symptom  known  as  the  Argylt- 
Robertwn  pupil  found  (this  is  the  absence  of  reflex  contraction  of  the 
pupil  to  light,  while  that  to  accommodation  persists)  :  seeing  that  this 
is  the  most  common  objective  phenomenon  in  the  two  diseases  men- 
tioned, it  strengthens  the  presumption,  based  on  experience,  that  the 
syphilitic  poison  i-  the  cause  of  these  diseases  in  the  majority  of 
instances.  These  diseases  arc  often  termed  "  parasyphilitic  "  ( Fournier) 
and  are  degenerative  processes,  the  result  of  an  impaired  vitality  of  the 
neurons,  causing  premature  decay  and  atrophy.  Again,  syphilis  when 
it  attacks  (lie  supporting,  enclosing,  and  nutrient  vascular  mesohltistic 
tissues  shows  a  predilection  to  affect  structures  about  the  base  of  the 
brain  ;  thus  paralysis  of  the  thin!  nerve  is  almost  pathognomonic  of 
this  disease.  In  rabies,  although  the  whole  nervous  system  is  charged 
with  the  poison,  the  medulla  oblongata  (as  shown  by  the  symptoms)  is 
i>|Hcial]\  affected.  Again  in  tetunttx  the  hacilli  elaborate  a  virulent 
poison  which  affects  particular  groups  of  neurons.  The  fact  that 
"  hickjaw  "  nearly  always  occurs  first  shows  that  the  poison  selects  the 
Motor  fttwirw  ';/'  the  jijVi  nerve.  Experiment  has  proved  that  the 
tctarms-ti.xin,  if  mixed  with  an  emulsion  of  nervous  matter  before 
injection  into  an  animal,  loses  its  toxicity,  thus  showing  its  affinity  for 
nervous  matter.  The  receptors  (side-chains,  of  the  nerve-cells) 
fix  the  toxin  to  themselves,  just  as  do  molecules  of  free  anti- 
toxin, so  that  none  remains  available  to  poison  the  animal. 
Another  example  is  offered  by  diphtheria  ;  a  neurotoxin  is  produced  by 
the  local  action  of  the  Imcilli,  the  effects  of  which  are  shown  by 
paralysis  of  the  soft  palate,  paralysis  of  the  muscles  of  uc< ■oinmodation, 
weakness  and  inco-ordi nation  of  the  limbs,  which  may  amount  to 
paralysis,  absence  of  knee-jerks,  and  often  skin-aniesthesia,  and  thedis- 
asionally  terminates  fatally  from  cardiac  or  respiratory  paralysis. 

(2)  Poison*  Introduced  into  tin:  Body. — The  most  widespread  and 
potent  cause  of  vervous  and  mental  disease  is  the  abuse  of  alcoholic 
stimulant*.  To  people  with  unstable  nervous  systems  a  small  quantity 
of  alcohol  acts  as  a  poison.  It  may  produce  acute  delirium  with  fine 
tremor,  and  generally  visual  hallucinations  of  a  horrible  nature,  indi- 
cating acute  toxic  influence  on  the  bruin.  This  acute  form  of  alcoholic 
pofaotiing  is  much  commoner  in  men  than  in  women,  and  it  is  remark- 
able how  a  severe  illness,  such  as   pneumonia,  will  bring  out  delirium 
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tremens  in  a  drunkard.     Alcohol  acts  especially  ujhjii  the  hi^ln 

of  the  brain,  and  a  dninken  man  may  exhibit  "  1  tie  abstract  and  lirirf 

chronicle  of  insanity,  going  through   its  mirmtimiriT  phases  in  a  dtun 

l«n.<l  of  time"  (Maudsley).    The  functions  of  the  bran  are  Btriffal 

ittt"  successively  in  an  inverse  order  to  their  development,  vi*.,  nwiil 

control  and  responsibility,  judgment  ami  deliberation,  at  tent  inn  and  eoa> 

eentrutinn,  memory  and  receptivity.      The  clli-et  ■><>    ' 

of  chronic  tippling  is  dementia,  a  very  characteristic 

the  mental  degradation  being  absence  of  knowledge  of  time  and  [■!»*, 

peilDQal  illusions,  and  lot*  of  memory  of  rrmi'  watts,  indicating  a  U* 

tire  of  receptivity  and  of  the  formation  of  memory -picture*  in  the  highw 

centres.     The  improvement  which  generally  ocean  when  total  abattnaw 

is  enforced  shows  that  the  poison  has  damaged,  but   nol  destn 

narvoOS elements.      liesides  mental  -y  ni}-I' xrj-  '■!'  ■ 

are  frerptently  sensory  disturbances  and   motor  paralysis  dm 

neuritis  affecting  es|ni*ially  the  lower   limbs,  although  the  upper  hail* 

and  even  the  respiratory  muscles  may  be  affected  in  .-even'  i 

Lead  is  peculiar  in  selecting  the   nerve  which  supplier  the 
muscles  of   the    wrist    and    fingers,    so    that   dropped    aortal    i»  ahmtf 
characteristic  of  this  form  of  toxic   neuritis.      Lead  also   pmduw  i 
chronic  inflammation  of  the  cerebral   curie*    u-nrtji!i 
which  gives  rise  to  n  complex  of  symptoms,  vis.,  dementi   . 
memory,  weakened  intellect,  paresis  and  epileptiform  sabmrea,  hallu- 
cinations of  sight  and   hearing,  and    mental   exaltation  or  depm***. 
Aiwnit;  has  a  special  selective  influence  upon  the   peripheral  nenw, 
causing  polyneuritis,      (icnerally  all  four  limbfi  are  affected.     Snortta** 
psychical  troubles  and  in  rare  cases  epilepsy  occur.      Workmen  at  India- 
rubber    factories,   owing    (••   the    inhalatiim  n(  die   fumes  ..!    l,i--\ 
of  carbon,  may  suffer  with  severe  mental  Bymptome  and   p-ilvneuritt*. 
There  are  a  certain   number  of  poisons  besides  alcohol  which  art  ■■ 
the  nervous  system   when  continually  entering  the  body  as  the  nmh 
of  a  habit,  viz.,  absinthe,  ether,  cocaine,  opium,   morphine,  havchifh, 
and  tobacco.     Not  only  does  absinthe  produce  epileptic  lit-  when  tat* 
for  some  time,  but   if  intravenously  injected    hit"  an  animal   prodon* 

epilepsy. 

Beri-beri,  or  kakkr,  a   |>-i|vneiii-itis  endemic  in  the  hii-t.  i»  by  —n* 
authorities  believed  to  be  due  to  a  micro-organism,  and  /{frioam  tataajy, 
•  ■r  deepiny  aichuxit,  a  chronic  meningo-enoephalo-myelitiMi  is  |«ohaUy 
due  to  some  toxin   produced  by  the  trypanosome  associated 
rltnnajnn  (p.  203). 

I'rtl't'/r'i  is  an  affection  of  the  skin  associated    with  drajetHUlrn 
changes  in  the  bruin  and  spinal  cord.      The   people  so  iiflccUtl  exhibit 

a  fatiii'ii-    laneliulv  and    suicidal    impulses,  sometimes  mania.     It* 

siip|HiMf|   tluit  this  disease   is  due  to  the  cousuniirtiou  of  Iwd  niatat, 
containing  aome  poisonous  inbfltanee. 

Krgatitm    is  a  disease  due   to  consumption   of  bread   made  of  n* 
which  has  been  attacked  by  (he  ergi*  fungus.      The  poison    'i 
dnii.il  produce-  progressive  degciicra live  changes  in  the  brain  and  •natal 
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In  batutim,  due  to  rating  decayed  meat  and  fish  infected  with  the 
Ji;u-il Ins  botulinus,  paralysis  of  the  ocular  muscles  is  an  important 
feature. 

B.  Deficiency  or  Excess  of  Normal  Stimulation  or  Existence  of  Abnor- 
mal Stimulation. — Structure  and  function  arc  mutually  reciprocal  and 
interdependent.  A  structure  which  is  not  used  will  gradually  lose  its 
function,  while  its  nutrition  will  also  suffer,  and  in  time  atrophy  may 
OOOnr.  Amputation  of  a  limb  in  early  life  causes  atrophy  of  the  nerv- 
ous structures  which  presided  over  the  sensation  and  movement  of  the 
part.  This  is  seen  in  both  the  gray  and  the  white  matter  of  the  spinal 
cord  of  the  same  side.  A  function  not  used  will  gradually  disappear, 
and  become  more  and  more  difficult  to  evoke.  This  fact  is  of  impor- 
tance in  functional  neuroses  and  psychoses— e.g.,  hysterical  paralysis 
and  melancholia — because  the  longer  mental  or  bodily  function  is  left  in 
■beyanos  the  more  likely  is  the  defect  to  become  permanent.  The  con- 
vtr-r  i-  also  true — the  longer  a  perverted  function  exists,  the  more  un- 
likely is  it  to  disappear.  Thus  auditory  hallucinations,  a  very  important 
and  frequent  symptom  in  the  insane,  commence  with  indistinct  noises; 
these  are  followed  by  voice*;  and  eventually  the  voices  nre  so  distinct 
and  real  that  tin1  greater  pnrt  of  the  patient's  psychical  existence  is  con- 
centrated upon,  and  determined  by,  this  abnormal  stimulus  from  within. 
Thus  arc  shown  the  progressive  strengthening  :u\>\  frritiun  of the pervtrttd 
tiinrtions  of  the  mind,  and  progressive  weakening  and  il'mnoliiliim  of  the 
nor  mitt  Junction*. 

Abnormal  sthnutiition  from  without.  (I  )  I'.-i/rliinil  Stimuli. — Mental 
pain  in  the  form  of  grief,  worry,  anxiety,  fright,  and  shock,  violent 
emotions  (pleasurable  or  painful),  disappointed  love,  sexual  excesses  o> 
perversions,  and  excessive  brain-work  frequently  precede  and  determine, 
in  persons  with  the  insane  or  neuropathic  taint,  various  forms  (a)  of 
pajroho&es,  e.  </.,  mania,  melancholia,  delusional  insanity,  (b)  of  neuroses, 
e.  a.,  chorea,  hysteria,  epilepsy,  hystero-epilepsy,  (c)  of  organic  brain 
disease,  e.  7.,  apoplexy,  thrombosis,  and  general  paralysis.  The  effect  of 
stress,  in  determining  neuritis  and  degenerative  processes  in  the  central 
nervous  system  can  often  be  observed  in  practice.  The  most  striking 
examples  of  psychomotor  functional  paralyses  from  stress  are  afforded 
by  writers',  piano  players',  violinists',  and  t_V|>ewriters'  cramp,  and  ham- 
merman's palsy. 

(2)  Pkipticat  Stimuli. — Visceral  reflex  irritation  may  act  as  an  excit- 
hil'  '■■atise  of  neuroses  and  psychoses  :  thus,  intestinal  wonns,  teething, 
and  iiwliaextible  food,  severally  or  combined,  often  produce  in  infants 
and  rickery  children  convulsions,  spasm  of  the  glottis,  and  tetany. 
Various  functional  and  organic  diseases  of  the  female  reproductive  organs 
;o't  as  exciting  causes  in  the  production  of  hysteria,  hystero-epilepsy, 
melancholia,  and  mania  ;  moreover,  paroxysmal  attacks  in  these  diseases 
are  more  liable  to  occur  at  the  menstrual  period  or  the  menopause. 
The  irritation  of  a  carious  tooth  may  produce  trigeminal  neuralgia. 
Wax  in  the  car  may  occasion  vertigo  and  tinnitus  annum,  and  errors  of 
v  ft  art  i nay  be  the  cause  of  attacks  of  migraine,  and  even  tend  to  excite 
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epileptic  fits  hi  a  person   Buffering  from   epilepsy.      ETodMNM  "Ihff 

examples  of  peripheral  disturhanee  ■ M    be   mentioned    ■-   1 

causes  of  nervous  affections,  e. ; g.,  irritation  of  the  terminals  of  ■' 

in  almost  any  jiart   of  its  widespread  visceral  distribution    Ban  leal  k 

reflex  vomiting.      The  characteristic  |xiin  of  iiiigiiui  \m ■cini -i-  «  i 

ates  down  the   inner  side  of  the  left  urn,  is   explained   by  the  tact  tbi! 

(he  cardiac  branches  of  tlu-  sympathetic  arise  from    the  same  segnMni 

Of  the  spinal  eortl  as  the   sensory  brunches   of  the   ulnar  nerve;  ce- 

siijiu'iitly  the  pain  is  referred  to  die  corresponding  akin 

this  nerve.      This  is  one  example  of  a  great  iuuiiIht  of  '"■/<  TfW  pait. 

DEGENERATION  AND  REGENERATION. 

There  is  no  evidence  to  show  that    neurons  on le-trm.-d  in  u 

adult  animal  can  ever  be  replaced;  whatever  return  of  fincta' 

OCCW  is  due  to  the   fact   that   other  associated   neurons  carry  on  thr 

funetion.      Waller  showed  that  when  a  nerve  is  on)  off  from  its  tnipliir 

and   genetic  centre  {cell  of  origin)   degeneration  of    the    whoi 

portlOO  so  separated  takes  place.      Tlii-  process  of  dee 

creeps  up  nor  down,  hut   the  morphological   changes  are   simultaoeoo> 

throughout  the  whole  peripheral  portion  of  the  cut   nerve.      Wln-m*. 

there  is  conclusive  proof  that,  regeneration  of  peripheral   iK-nai  ouv» 

place,  there  is  no  evidence  to  show  that  films  in  the  erntnl 

system,  when  they  are  separated  from  their  trophic  and  genetic  ornin*, 

undergo  regeneration.      When  a  (leriphend   nerve  i-  . 

an  inch   or  two   is  cut   out,  regeneration  will  in  time  take  plai-r.     TV 

process  of  regeneration  will  he  greatly  hastened  if  the  divided 

the  nerve  are  sutured  ;   or  if  a  piece   has  been  excised  regeneration  «■» 

be  hastened  by  introducing  a  piece  of  nerve,  or  n  niece  of  tiitgui  •*  1 

decalcified  chicken  Imiiic  Itetwcen  the  cut  ends  to  conduct  the  outgrowing 

axons  from  the  proximal  portion  of  the  nerve.     The  rapid  1 

sensibility  which  sometimes   take-   place  after  a  nerve  has  l>een  cut  aoJ 

sutured  has  leil  some  authin'ttiis  in  l«li<\e  In  li u i< >r  1  i 

This,  however,  is  not  so.     It  is  due   to   the   overlapping  of  «»■*>' 

nerves  in  the  skin   and   the  opening  up  of  new  and   previously  onuaai 

paths  when  the  main  road  is  hloek.-d. 

Histology  of  Degeneration. — WI1.11  a  nerve  i-  oat  acme*  HnflWia* 
ifaftwi-fitioh  occurs.  This  process  affects  the  peripheral  i«irti-<n  of  ihr 
em  nerve.  It  was  previously  taught  that  no  changes  oooomd  ui  uV 
central  portion  of  tin-  neuron,  but  the  researches  of  Niasl,  Mariners 
anil   others   prove  that  bio-chemical  changes  occur  in   the   trophjr  and 

genetic  cells  of   origin.        We   have,   therefore,   t"  eiili-idi 

the  jieripheral  portion  of  the  cut  nerve,  the  changes  in  the  ncrvi-d. 
and  the  process  of  regeneration. 

After  cutting  a  nerve  the  following  changes  can  be  oli-ervwl  • 
preparations  of  the  peripheral  portion  stained  with  oanaio  acid.  WitUs 
twenty-four  hours  the  myelin  commences  to  lose  its  straight,  mtokr 
outline  and  to  exhibit  an  irregular  appearance,      The  next  day  p" 
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Fio.  306. 


can  be  recognized  in  the  axis-cylinder  process ;  it  is  swollen  in  some 
places,  thin  in  others,  while  the  myelin  commences  to  fragment,  and  a 
little  later  the  axis-cylinder  ruptures.  On  the  third  day  the  nuclei  of 
the  primitive  sheath  show  signs  of  mitosis,  the  prelude  to  nuclear  and 
cellular  proliferation.  On  the  fourth  or  fifth  day  there  are  evidences 
of  proliferation  of  the  nuclei  and  surrounding  protoplasm,  and  these 
nuclei  with  surrounding  protoplasm  breaking  through  the  sheath  of 
Schwann  cause  a  further  fragmentation  of  the  myelin,  which  continues 
until  the  tenth  day  (Fig.  306).  The  appearance  of  the  degenerated 
fibres  on  the  eighth  to  the  tenth  day  is 
characterized  by  swellings  alternating  with 
constrictions.  The  swellings  are  due  to 
accumulations  in  corresponding  parts  of 
the  nerve-tubules  of  degenerated  myelin- 
globules,  proliferated  nuclei  and  proto- 
plasm. On  the  fifteenth  day  the  fibres 
in  the  greater  part  of  their  course  consist 
merely  of  tubes  containing  protoplasm 
and  proliferated  nuclei,  and  little  or  no 
myelin ;  but  here  and  there  alternating 
writh  the  constricted  j>ortions  are  fusiform 
swellings  caused  by  distention  of  the 
sheath  of  Schwann  with  drops  of  lique- 
fied myelin,  nuclei,  and  often  curled-up 
portions  of  the  axis-cylinder.  The  de- 
generated myelin  is  absorbed  by  leuco- 
cytes and  fatty  granule-cells  are  thus 
formed.  The  nerve  consists  eventuallv 
of  fibrous  connective  tissue  and  shrunken 
tubes  containing  proliferated  nuclei  and 
protoplasm.  The  latter  becomes  fibril- 
lated  and  thus  prepares  the  way  for  the 
new  axis-cylinder  processes  which  will 
grow  down  from  the  central  stump.  This 
process  commences  al>out  the  fourth  or 
fifth  week  by  a  sprouting  of  the  axis- 
cylinder  process  ;  this  divides  into  several 
separate  fibres,  which  insert  themselves 
into  and  between  the  old  primitive 
sheaths.  Growth  of  the  axis-cylinder 
always  begins  from  a  node  next  above 
or  close  to  the  section.  The  number  of 
new  axis-cylinder  processes  is  in  excess 
of  the  nerve-fibres  destroyed,  consequently 

it  may  be  presumed  that  many  atrophy  and  disap])ear  (Fig.  307).  At 
first  the  new  fibres  are  non-ruedullated,  but  later  they  acquire  a  medul- 
lated  sheath  and  nodes  of  Ranvier,  which  are  at  first  placed  at  short 
intervals,  as  in  young  nerves.     In  the  scar,  primitive  sheaths  are  at 


Fibres  from  the  peripheral  end  of  a 
nerve  ten  days  after  section.  Stained 
with  osmic  acid.  One  fibre  shows 
the  masses  of  degenerated  myelin, 
the  other  is  healthy.    X  200 
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first  wanting,  but  they  ultimately  form  from  the  BUmxmdilig  o 
tissue.  It  may  take  months  or  a  year  or  more  before  fonel 
stored.  The  time  varies  witli  the  length  of  nerve  beyond  '■«■ 
division,  and  with  tlie  distance  between  the  mi  ends,  Scnmrio 
before  movement.  It  is  not  generally  admitted  that  regeneration  ran 
occur  from  the  periphery,  although  there  is  some  evidence  tordwonMHii 
that  effect      It  1ms  long  been  known  that  the  myelin  and  Ufa  Bjhfa 


Ki<i.  SOT 


lagnui  uiihIHIl-iI  in.nu  Howell  and  Huber,  -howlne  "tairef  in  regrnerailun  of  ■  ptttphifi 

1,  cenml  end  uf  utrve  21  dayi  after  moUoii  .  2,  prri|>(»'i»l  end  of  nam  ;i  Aaji  iftfi 

2,  central  end  of  nerve  UK)  day*  after  •wilun,  ■hnwlng  •nrniiilnr  aaln-ry  Under  » 
branrhe* :  I  andS.  peripheral  did  of  nerve  iraidayc  after  lection     a,  atla-r  yllndn .  t 


undergo  degenerative  changes  in  the  central  portion  of  the  r 
lis  liir  as  the  node  of  Ranvier  above.     Il  baa   DOW,  bowwnr,  f 
been   shown,  that  if  a  nerve,  e.  ij.,  the  hypoglossal,  !*■  cut  on  one  * 
and  sections  of  the  medulla  !«■  stntned  by  Niasl's  method,  niefM 
examination  of   the  eells  of  origin   forming  the  QUohro 
presents  a  marked  eontnist  in  shape  and  mode  of  staining  a*  .■..mian-i 
with  the  other,  indicating  a  reaction  >■/  injury  in  the  trutihic  ami  g 
ctmt tv,     A  short  time  after  the  section  of  the  nerve  the  0 
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nuclei  of  the  group  of  neurons  concerned  appear  somewhat  swollen, 
and  there  are  marked  changes  in  the  appearance  of  the  protoplasm. 
The  chromophilic  elements  are  no  longer  distinct,  but  are  replaced  by  a 
dust  of  fine  colored  granules,  and  there  is  a  diffuse  staining  of  the 
achromatic  substance.  About  the  time  when  the  axis-cylinder  begins 
to  grow  out  the  normal  chromophilic  character  of  the  cell  begins  to 
return,  and  eventually,  when  function  has  been  restored,  the  majority 
of  the  cells  present  a  normal  appearance. 

Diseases  of  Nerves. — It  is  convenient  here  to  consider  the  subject  of 
neuritis  ;  for  it  must  be  remembered  that  parenchymatous  neuritis  really 
is  a  degenerative  change  of  spinal,  motor,  and  sensory  neurons,  al- 
though the  effects  of  the  toxic  agents  in  the  blood  are  only  visible  in 
the  remoter  portions  of  the  neurons.  "  Stocking  anaesthesia  "  of  the 
legs  and  "  glove  anaesthesia  "  of  the  arms,  characteristic  of  polyneuritis, 
indicate  that  the  sensory  disturbance  does  not  correspond  to  spinal 
segmentation,  but  is  dependent  upon  distance  from  the  trophic  and 
genetic  centres,  and  possibly,  also,  upon  distance  from  the  heart,  and 
consequently  impaired  circulation.  In  four  fatal  cases  of  alcoholic 
polyneuritis  examined  by  Mott,  marked  changes  were  present  in  the 
cells  of  the  anterior  horns  and  the  posterior  spinal  ganglia. 

Parenchymatous  neuritis  is  toxic  in  origin  and  usually  symmetrical, 
and  affects  a  number  of  nerves  (polyneuritis) ;  it  may  be  associated 
with  some  interstitial  change,  but  generally  this  is  secondary  to  the 
degenerative  process. 

The  changes  in  the  nerves  are  those  of  primary  Wallerian  degene- 
ration, viz.,  breaking  up  of  the  myelin,  proliferation  of  the  nuclei  of 
the  sheath  of  Schwann,  swelling  of  the  axis-cylinder  in  some  places, 
attenuation  in  others,  and  finally  its  rupture  and  destruction.  The 
process  commences  at  the  periphery,  and  spreads  centreward.  If  the 
poison  is  eliminated  before  destructive  changes  have  occurred  in  the 
cells  of  origin,  it  is  possible  for  regeneration  to  occur,  but  often  the 
paralysis  is  permanent.  The  difference  in  the  microscopical  appear- 
ances between  parenchymatous  neuritis  and  degeneration  from  section 
of  a  nerve  is  that  in  the  former  the  fibres  are  much  more  unequally 
affected,  some  exhibiting  comparatively  little  change,  while  others  show 
advanced  degeneration  (Fig.  308). 

Interstitial  neuritis  is  an  inflammation  affecting  the  vascular,  inter- 
stitial and  supporting  connective  tissue,  sometimes  causing  permanent, 
sometimes  temporary  loss  of  function  according  to  whether  the  inflam- 
mation is  productive  of  degenerative  changes  in  the  nerve-fibres  or  not. 
It  may  occur  as  a  result  of  injury  or  cold,  especially  in  a  rheumatic  or 
gouty  subject,  sciatica  and  Bell's  paralysis  affording  examples  of  this 
affection.  In  anaesthetic  leprosy  and  syphilis  the  interstitial  vascular 
connective  tissue  is  the  seat  of  a  specific  inflammatory  process ;  the 
former  disease  is  known  to  be  due  to  a  specific  bacillus,  and  the  latter 
is  almost  certainly  due  to  a  micro-organism. 

Degeneration  of  the  Central  Nervous  System. — The  methods  em- 
ployed for  studying  Wallerian   degeneration   of  the  central   nervous 
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-vstnn,  taking,  I'm-  example,  iii.'  spinal  cord,  where  tl 
■■H'cri'iit  tracts  are  clearly  defined,  are  as  follows  -.  If  posterior  mis  ilia 
be  cut)  or  then  be  ;i  transverse  lesion  of  the  spina]  cord,  ii  is  pgi 
if  the  patient  survive  for  ten  days  to  reougnuse  naked  eye  i 
definite  tracts  of  the  spinal  cord,  provided  the  spinal  cord  be  -u-perninl 


I 

•Mr 


in    M  tillers  fluid  f.r  :>  month  or  so  (Fig.  H119).     The  cord  tint-  )a 
ened   is  cm  transversely  ami  the  degenerated  traoti  an  recngniwd 
their  Hghttr  yoKow  color,  as  compared  with  the  healthy  white  nutttrr 
which  is  now  stained  a  brownish  yellow.     For  niicroasoplca]  ciiunina- 
tion  of  such  an  early  degeneration,  there  is  no  method  bo  <n>iupare  «itli 
that  of  Marvhi.     It  consists  in   placing  thin  transverse  alia 
central  nervous  system   thus  hardened  in  a  Bolntion  of  one  part  of 
percent,  solution  of  osmic  acid  and  two  parts  of  MttUer*!  fluid  for 
to  three  weeks,  then  washing    for   several   days  in  mni 
outUng  by  the  eelloidin-method.     Sections  should  be  col  tongfta" 
nntl  transversely.     The  early  change*  in  the  axis-cylinder  and  i 


shell  th  i 

folio, 


■  beautifully  ahtw 
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erated  fibfl 


whole  length  nf  the  spinal  cord.     The  beahhy  iiltr»—  a 
stained  ;i  light  greeuhdi  gray,  but  i>->il]   (he  axis-cylinder  pfoatM  s 
break ing-up  myelin  are  stained  Mack,  owing  to  fatty  <" 
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Tlii.-  method  is  moat  suitable  for  early  degenerations  one  week  to  one 
mouth  alter  the  lesion.  For  /titer  degenerations,  theWeigertoC  Weigert- 
I'ul  methods  are  moet  suitable.  When  sclerosis  has  taken  place,  it  is 
better  to  adopt  one  of  the  latter  methods ;  the  healthy  white  matter  is 
then  stained  blue,  and  the  tokrwed  tissue  is  yellow  or  unstained,  accord- 
ing to  the  method  adopted.  Wullerian  degeneration  of  the  nerve-fibres 
of  the  central  nervous  system  must  occur  in  all  organic  lesions,  and  its 
extent  and  distribution  will  dc|»nd  entirely  iiikiu  the  ganglion-cells  de- 
stroyed, or  upon  the  fibres  which  have  been  interrupted  in  their  conrlnuitv 
with  the  cells  of  which  they  are  the  outgrowths. 

The  microscopical  changes  in  the  fibres,  as  a  result  of  degeneration, 
are  a  breaking-up  of  the  myelin-sheath  (there  is  no  neurilemma),  an 
alteration  in  its  chemical  conijw.sition,  and  swelling  of  the  ax  is- cylinder- 


ectinn  of  the  luinbdr  enl«rHi-ment  nf  «pin»l  cord  ofmonl 

trrior  .-I..1 n  <<ii  i .ni?  slilr,  the  mult  of  section  or  iln 

otnertcl  thiil  nil  the  abort  ■pjiml  root-flbna  *bo«  i 
formed  ihelreml  •utloii  M  ■  lower  level.  The  l.lm-k 
twimeuof  median  lencttt,  which  end.  abooi  Cl»rke'«e 
•ii.l  toot  nbnM  which  jam  all  the  iq  up  ihpwnl  Id  UoU'i  column 


lieielU    Obeeri 


;.  Showing  degeneration  inlbe  po«- 
Iral  iwirn]  («BWrlor  root.  II  will  be 
rivirem-ntion.  these  having  »lrendv 
*<-l  near  the  middle  line  rouniMi.  or 
m  tl  ucl  I  n  g  cc  rebe  llHr  im  nil  liei 
nd  In  the  funk'ulun 


process  owing  to  a  tatty  degeneration  ;  the  clear  distinction  between  the 
central  axis-cylinder  and  surrounding  myelin  thus  being  lost.  Later, 
;is  tin-  altered  myelin  is  carried  away  by  phagocytes,  spaces  may  lie 
-ecu  with  the  swollen  axis- cylinder  in  the  middle  ;  or  empty  spaces  in 
the  neuroglia- tissue  occur  owing  to  rupture  and  absorption  of  the  degen- 
erated axis-cylinder  processes  (Figs.  310  and  311),  As  the  atrophy  of 
the  nervous  structures  proceeds,  there  is  a  hyperplasia  of  the  neuroglia 
and  proliferation  of  the  glia-cellw.  The  process  during  the  early  stages 
has  been  one  of  softening  ;  it  i-  m  iw  a  true  sclerosis  with  shrinking,  but 
there  is  no  tendency  (in  uncomplicated  primary  or  serondnry  systemic 
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rturwl  HUDlCllt.  foriyiUs-iidrf  I.. 
iimI  raftoa.  Thi'  ilnwluit  »ai  made  Irt 
ii.r  pun  "f  the  lateral  column.  <u!n«l  by  tin.-  p 
L-ln^  trleroaia.  The  black  dot*  are  UM«W«1 
minified  «llli  iln-'  i1*|lill  III  till  myelin  ;  here  ami  MUM  are  parM  uiuUinMl.  >t-« 
»  nerve-llbrea  ham  d injured  and  neuroglia  dm  i»  left,  A  u-w  ran  ■!■«• 
■altered  about,  ahnwing  the  paai  km  aSktMca  oi  Mm  Mw«a  «i  ihr—  |>,ii>i>  i 
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degeneration)  for  the  sclerosis  to  extend  its  limits,  and  it  may  cv«  I* 
limited  to  a  mioroaoopic  transverse  area.  Eventually  a  cicatricial  tits* 
may  be  formed  f  and  the  presence  of  tbia  impenetrable  tiw a  nut  it 
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the  reason  why  in  the  higher  animals  there  exi-i-  no  definite  BfMl 
regeneration  oi'  nurvc-tihics  can  take  place  hi  the  central  or 
system. 
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Ebemistry  of  Degeneration. — The  nervous  system  is  Composed 
j  of  very  complex  Iwxlies,  e.ij.,  protriit*,  iiurfmju-otatttt,  nciiro- 
kerntin,  and  protatjou  or  lecithin,  wliich  forms  the  principal  constituent 
■  ii'  tlie  myelin-shenth.  This  is  a  complex  /i/wxplwrrtttvl  Jut  which  stains 
black  with  osmic  acid  liki*  all  other  forms  of  fut  ;  but  the  niyelio- 
-  heath  differs  from  tissues  containing  ordinary  iat,  such  as  olein, 
i'-' Iniitin,  stearin,  by  the  tact  that  when  white  nervous  matter  is  placed 
for  some  time  in  M tiller's  fluid  the  constituent  myelin  no  longer  stains 
black  with  osmic  acid,  but  an  ashy  gray.  This  difference  in  chemical 
reaction  is  the  basis  of  the  March i  method.  It  is  probable  that  the 
chemical  decomposition  which  occurs  when  myelin  undergoes  degenera- 
tion i>  ;i  I jreii king-up  of  tbe  complex  molecule  of  protagon  (lecithin) 
thus: 

<  \,I  I...X  POH  +  3HaO  =  2ClMJO,  +  C,H,PO.  +  CeH,sNO, 

iletithin)                (water)         (stearic  aM.i)'      (idyi-em-Mi-is-  (cliolin) 

I  -I  ■ -  ■"■!•!' 

For  if  a  spinal  cord  wliich  shows  well-marked  degeneration  on  one  side 
be  divided  longitudinally  into  two  halves,  and  each  half  dried,  weighed, 
and  the  fat  of  each  separately  extracted  with  ether,  it  will  be  found 
that  while  on  the  degenerated  side  there  is  an  increase  of  ether-extract 
(Hit)  a.-,  compared  with  the  healthy  -side,  there  is  less  phosphorus,  the 
presumption  being  that  the  above  decomposition  has  taken  place. 
Examination  of  the  sections  stained  by  the  March!  method  shows  that 
not  only  does  the  myelin-sheath  stain  black,  but  the  nxis-eylinder- 
pn-cess  as  well  ;  the  jiroteid  matter  has  therefore  undergone  fatty 
degeneration  ;  moreover,  chemical  analysis  shows  that  this  is  so,  for 
the  degenerated  half  of  the  cord  yields  less  proteid  residue  than  the 
healthy  half.  It  lias  been  shown  (Halliburton  and  Mutt)  that  cholin 
wrists  in  tiie  cerebrospinal  fluid  of  patients  suffering  with  extensive 
degeneration  of  the  nervous  system,  e.  g.,  general  paralysis,  and  that  it 
don  not  exist  in  the  normal  fluid.  The  existence  of  i-hnlin  in  the 
cerebrospinal  fluid  of  general  paralytics  renders  it  probable  that  auto- 
intoxication may  occur  in  extensive  degenerative  processes  of  the 
nervous  system.  The  action  of  cholin  is  to  produce  a  fall  in  the  hlood- 
ptessure,  partly  by  itn  effect  on  the  heart,  but  mainly  by  dilating  the 
splanchnic  arteries,  owing  to  a  toxic  influence  on  the  peripheral  neuro- 
muscular mechanism.  X.tu-iii,  a  product  of  the  decomposition  of 
•'/,„/;„  by  micro-organisms  is  a  very  powerful  poison  ;  it  produces  a 
preliminary  fall,  and  then  a  rise,  of  blood-pressure  with  respiratory 
convulsions.  These  two  bodies  belong  to  the  same  group,  chemically, 
as  mun&iri». 

Effects  of  Degeneration  upon  Function. — The  most  important  phe- 
nomena resulting  from  morbid  changes  affecting  the  nervous  system  are 
related  t<>  disturbances  of  the  sensori-motor  mechanism. 

Paraljfth. — There  are  two  types  of  paralysis,  according  to  whether  a 
I. >;, ,u  iiiVii-ts  the  ujtjH-r  forti<i>Kji inn/  motor  neuron,  or  the  hirer  xpiuo- 
I'ttntlt/KUi  of  Uic  corticospinal  type   is  met    with    in 
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brain-disease  producing  hemiplegia  ;  it  also  wMirs   in  IhiiIi  l.iwii 
after  a  transverse  lesion  of  the  cord,  as  in  carir-  of  tfao  -pim  . 
focal  myelitis  ;  also  in  primary  lateral  sclerosis.     If  a  i  ra 
exists  in  the  cervical   region,  the  arms  are  also  fcflbotwd.      Tba  chaw- 
teristica  of  this  form  of  paralysis  are  complete  or  partial  loss  of  volitional 
power,  with  stiffness  and  rigidity  of  the  limbs.      Tin-   niUBntiO  arc  ft 
muted  except  from  disuse,  the  deep  reflexes  an  exaggerated,  i,n,l  (h*' 
is   no  alteration   in  the  electrical  reaction  of  the  tDUwe.      !'■• 
tin'    xpinomiix'-ular    type    is    due     to    a    morbid    process    affiffitin|  m 
motor  neurons  in  the  anterior  horn,  or  their  liomologue-  (tk*  W 
the  motor  cranial  nerves)  in  the  medulla  and  pom,  or  the  Den  i 
containing  the  axons  of  the  neurone,      It  occurs  in    infantile  |*arsly-i>, 
acute  and  chronic  poliomyelitis,  myelitis,  progressive  museidar  mmjiliv, 
bulbar  paralysis,  syringomyelia,  tumors  and  hemorrhages  within  the  en, 
medulla  and  puis,  and  softening  of  the  cord  from  cmliolisni  and  tlinmi- 
Ixeia.      The  characteristics  of  this  ii.rm  i.f  [wralysU  are  t ha 
affected  are  completely  paralysed,  and  that  if  llicy  recover  :>,■ 
imperfectly  and  slowly.      Although  all   the  muscles  of  a   liml 
paralyzed,  as  a  rule  certain  groups  sutler  particularly.      The  lii 
rigid,  the  muscles  being  relaxed  and  flabby  and  the  articular  surface- »( 
the  joints  no  longer  held   in  close  approximation.      Tin-  deep  renews 
are  lost  completely.      The  muscles  rapidly  atrophy  and  upon  eleetrici! 
examination  there  is  an  early  appearance  of  the  PMWtiOB  of  degenm- 
tion.     Sensory  distu rhances  do  not  poooooarily  aooonpany  this  foronf 
jwralysis.       Vasomotor  disturbances   are    manifested    by   eoUpMBl  wd 
blucness  of  the  limb.      Fibrillary  twitcliings  are  very  characteristic  <M 
this  neuromuscular  degenerative  process. 

Diutwrbanat  of  Rjfer  Action, — The  reflex  acts  are:  (I)  tendjona 
dcepreflexes;  (2)  skin  or  superficial  reflexes;  (:!)  reflex  in 
bladder  and  rectum.     Such  reflexes  may  be  increased,  diminti4xd.ii 

lost. 

Tin1  knee-jerk    is  the  best  example  of  a  so-called  deep  rvtW.  I 
although  dependent  upon  the  integrity  of  the  reflex  ate 
and  third  lumbar  segments  of  the  spinal  cord,  yet  careful  tMimi  II 
ments  have  shown  that  it  is  not  a  true  reflex.      It  i-  produced  by - 
ittg  the  quadriceps  tendon  /,ut  mi   fit.    drctch    by  flexing  the  knee;  t 
hamstring  muscles  are  thus  at  the  same  time  relaxed,  so  tb.it  f 
exerted  by  them  in  antagonism  to  the  quadriceps  i  Sherrington 
away  with.     This  is  not,  however,  so  much  due  to  the  liiet  that  n-bvi* 
tion  of  the  flexor  museles  of  tin*  knee  leaves  that  joint  more  fn>   k 
when  tlir  tpjadrieeps  extensor  is  excited  to  contraction    by  tap) 
stretched  tendon,  as  to  the  removal  of  :m  antagonistic  ton* 
through  afferent  nerves  (fifth  and  sixth   lumbar  root*)  which    tin 
group  of  muscles  exerl    through    the  spinal    reflex   an'  upon  tbt 
latiil  extensor  groupjFig.  ;i  1  li>.      Absence  of  the  tendon-reA \  w 
wasting  and  degeneration  of  muscle,  indicates  degenerate m  of  t 
terior  colmim  of  the  cord.      Absence  of  the  tendon -reflex  with  i 
of  iniisrle  and  sensory  distu rbniii-c,  indicates  peripheral  I 
tion  or  destruction  of  the  central   gray  matter  of  the  mn 
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tenor  horns.  Absence  of  the  tcndon-rcftYx  with  wasting  and  degenera- 
tion of  muscle,  but  without  sensory  disturbance,  indicates  degeneration 
of  the  anterior  born  cells  or  primary  progressive  myopathy. 

By  muscular  degeneration  is  not  meant  disuse-atrophy,  but  a  wast- 
ing accompanied  by  changes  in  electrical  excitability  of  the  nerve  and 
muscle,  liastian  has  pointed  out  that  complete  destructive  transverse 
Irsions  of  the  spinal  cord  high  up  in  the  dorsal  or  cervical  regions  (in 
which  prexiimii/ify  th<-  reflex  are  u  iufm-f)  arc  often  followed  by  absence 
of  the  knee-jerk.  Of  course,  the  pyramidal  tracts  will  be  degenerated, 
and  it  is  difficult,  therefore,  to  understand  why  the  knee-jerks  are  lost. 


£.  t„  extern*!  villaneous  nerve:  4 
uacular  branches,  eomiiiK  fruru  the  third  unci 
fourth  lumbar  segment*  of  the  Bplual  cord;  Oft.,  obturator:  Sc.,  sciatic  nervo  with  I.  P.. 
internal  potd  rival,  K.  /'.  external  |".|:litrul  i>raiirl»-s  :  V-i.  iv.,  tin-  vaaii  and  crureus  muscle*. 
the  interna!  portion  being  especially  concerned  In  the  knee-jerk,  Destruction  of  the  redox 
•  re  of  the  third  and  fourth  lumbar  fit-icim-iiU  In  cither  il>.  etlVrent  or  iillin-nt  j-crtions  will 
aholiib  the  knee-jerk,  became  it  will  either  parable  [lie  vastun  onireun  muscle  or  destroy 
Ita  -  mrotatlc  "  irrltabilliy,- 

It  has  beeu  thought  by  Bastiau  to  be  due  to  the  removal  of  cerebellar 
influence.     The  knee-jerk  is  diminished   in  old  age,  during  sleep,  and 
■uremia  of  the  spinal  cord. 

In  cases  where  the  knee-jerk  is  exaggerated  owing  to  removal  of 
eiirtieal  influence  by  degeneration  of  the  pyramidal  tracts,  another 
phenomenon  is  often  obtainable  ;  if  the  calf-muscles  which  extend  the 
ankle-joint  are  suddenly  put  011  the  stretch  by  pressing  the  hand 
against  the  sole  of  the  foot,  a  quick  contraction  occurs,  and  by  keeping 
up  the  pressure   there  is  a  recurrence  of  the  contractions  at  a  regular 


irritability  is  the  term  used  by  '  lowers  to  embody  his  view  tliat  the  knee- 
deep  relieves  depend  011  the  inert-used  irritability  of  a  ttretehed  muscle, 
a  sudden  and  forcible,  not  only  increased  irritability,  but  also  visible  con- 

This  w  especially  evident  when  cerebral  Influence  has  been  removed 

liv  pyramidal  degeneration. 


•  Myolatir 

("erk  and  other 
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rate  (about  eight  per  second)  ;  the  foot  is  tans  thru,  i 
clonic  spasmodic  contractions   termed  the  fott^tonut  01 
Conditions  which  give  rise  to  ankle-clonus  an  usually  m 
followed  by  contracture,  a  state  of  permanently  increased  nm-cubr  IBM 

The  superficial  skiu-reflexes,  ^iffaMrio,  gbtttal,  ermm 
are  usually  lost  in  those  diseases  of  the  spinal  mrd  in  which  the  teinki- 
reflexes  are  exaggerated.     They  are   frequently  lost   la 
disease--!,  in  whirl]  the  tendon-reflexes  arc  also  exaggerated.     In  iW 
tional  conditions,  such  as  hysteria,  in  which  the  deep  reflexes  ami  !■■ 
exaggerated,  they  are  not  lost.      In  diseases   in    whieli   tin-  Uiiir.il.. 
Bttnpj  of  the  spinal  curd  undergo  degeneration,  a   peculiar   rii'-iilr.ii 
of  the  plantar  reflex    may  occur,  charaetcri/rd    by   Qontmetioa  d  til 
extensur  muscles  .if  tile  Iocs  f..iV.;iw»i*  irjifxiti/w,   Hnhiimk 

Examples  nf  reflex  spinal  tonne  are  also  aSbtdad  by  the  action  of  Ha 
aphincters  of  the  hladder  and  rectum.  The  tonic  eODtfM 
nwaolea  is  aboliabed  by  destruction  of  the  lumbar  enlargi  i 
spinal  cord — hence  the  resulting  ineontiDe&ee  of  Abom  and  •■(  bib 
If,  on  rite  other  hand,  a  transverse  lesion  of  the  spinal  ooid  I-'  prattd 
above  the  lumbar  enlargement,  no  loss  ,>('  thane  refleacaa  "ill  OOCBtj 
hut  in  the  absence  of  volitional  impulses  from  the  brain,  the  tpjaafai 
of  the  bladder  may  remain  contracted,  impeding  the  outflow  of  anas, 

and  dilatation  of  the  bladder  will  ensue  as  the  urine  aceu l;it--  ;  il.;- 

dilat  ilimi  may  prodn.ee  a  secondary  incontinence,  us  the  sphincter  liiuliv 
undergoes  stretching. 

Disturbance  of  Sawaticm. — Irritation  of  the  sensory  amis  i  if  thr 
con!  may  cause  fu/pertBtthesia — an  excessive  sensibility  of  the  oVl 
ordinary  stimulation;  or  paresthesia,  viz.,  burnitig,  tingling,  cmj' 
and  numbness,  referred  to  particular  parts  of  the  skin  and  I 
corres|nind  to  the  aegmenW  of  the  cord  irritated.      I'rmon 
roots  also  give-  rise  to  very  severe  localized  pain  ;  and  at  the  ami  ■■' 
final  lesion  of  the  OOrd,  as   in   transverse  mveliti-,  tin  iv  j 
of  a  cord  round  the  waist  (gii-tile  wiitarffru ). 

Destruction  of  the  sensory  tract*  of  tits  spinal  eord  or  of  thr  giadinw 
spinal  roots  will  lead  to  loss  of  sensation.     The  sensory  oV 
loaa  of  sensation  (1)  of  touch  (tactile  anauUuma),  (2)  of  painful  -m-»- 
ti'ias  {analgesia),  (3)  of  beat  and  cold  (fan  inn  uiiinMaiafu),  (4)  of  ant*- 
cular  sense  (attUnO). 

The  posterior  roots  convey  to  the  cord  all  forms  of  scnsbilitr ; 
hence  when  the  morbid  process  affects  the  roots  all  forms  of  aeaathinj 
may  be  affected  ;  but  when  the  fibres  forming  (he  roots  enter  Uieo^J. 
they  separate  morphologically  into  three  systems  having  different  fuw- 
tions  :  (  1  )  "  short  spinal,"  ending  in  the  gray  matter  of  thr  spitw!  *f- 
uii-nt,  taking  part  in  the  reflex  arc  ;  (2)  "  middle  length  "  fibres,  which 
pass  into  the  external  juirt  of  the  posterior  column  and  conduct  im[«l'»' 
to  the  cerebellum  ;  (3)  "  long  fibres,"  which  at  first  lie  in  the 
portion  of  the  posterior  column,  afterward  reach  the  median 
and  conduct  kinaMhetic  impulses  to  the  opjmsite  <-erclinil  hen 
Hence  it  is  jmssililc,  a-  in  diseases  of  the  spinal  o>n!. 
.-ensation   to  be  lost  while  others  air    preserved.      'Dm-  in  di< 
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Fig.  313. 


anterior  horn ;  2,  base  of  anterior  horn  ;  3,  posterior  horn ;  4,  pyramidal  tract ;  6,  direct  cere- 
bellar tract;  6,  anterolateral  tract;  7,  oval  area  of  Flechsig;  8,  Lissauer's  zone;  9,  cornu 
commissural;  10,  Gombault  and  Philippe's  tract;  11,  direct  pyramidal  tract;  12,  Goll's 
column;  13,  Burdach's  column;  14,  posterointernal  triangle;  15,  comma  tract;  x  x  x  x,root 
flose.  7, 9, 10,  and  15,  are  endogenous  tracts,  and  do  not  undergo  degeneration  in  locomotor 
ataxy.  The  ground  fibres  situated  around  the  gray  matter  are  commissural,  uniting  the  dif- 
ferent segments  of  the  cord. 


I 
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the  gray  mailer  (syringomyelia),  we  have  the  ■>uir:<i-t»-r>-t  i*  ->  f.i]i'.n  ■ 
of  wrwory  difixot-ititioii,  vi/.,  tactile  sense  preserved,  while  sense  OTmh 
and  of  hf.it  anil  colli  is  lost.  In  diseases  of  (he  [ulterior  column-, 
e.g.,  locomotor  ataxy,  we  may  have  ataxy  cillicr  alone  it  asst-mln) 
with  uueetbesia.  In  general  myelitis  all  tin-  mOBOty  Iran-  MC  \tn\-\i- 
catcil,  ami  all  forms  of  sensation  are  affected.  In  transverse  loins 
of  the  cord  there  is  an  interrupt  inn  t.i  tin*  transmission  of  all  (am  i 
sensation  below  the  legion. 

The  spinal   cord   has  two  sete  of  functions :  ( 1 )  the  dinet 
control  of  definite  visceral  and  somatic  regions  of  tin   bod]  . 
of  its  thirty-one  pairs  of  segment  nerves,  (i!)  the  functional 
mitting  sensory  afferent  impulses  to  the  hrain  and  motor  ia|N 
the  brain.     The  path  of  the  motor  impulses  from   the  brain  L-  »rll 
known.     The  |iath  of  the  sensory  afferent    impulse*   i-   Dot 
It    may,  however,  be  concluded   that  the  gray  matter  conduct:,  (ainin! 
and  thermal  sensations,  while  the  posterior  culu Dim  conduct  tact tlr  ami 
muscular  wose-impressions.     The  other  afferent  tracts  in  tl» 
the  anterolateral    (ventral    ceri-ln-llar)  and    the   direct    eertbtfl 
conduct  impulses  to   the  cerebellum.      There  is  a  descending  « 
tract,  occupying  the  anterior  bonier  of  the  lateral  column,  UK 
which  probably  arise   from    Deiters's  nucleus  (Fig.  333).      The  «««• 
pnnying  diagram  (Fig.  313)  represents  the  various  afferwil  and  ifftrr: 
tracts  of  the  spinal  cord.      Those  tracts  which   arise   from  ci  i 
the  spinal  cord  arc  spoken  of  as   endogenous,  those  which  ari*  (n« 
cells  outside — e.g.,  the  spinal  ganglia,  are  spoken  of  BX  -si-geutm*. 

The  principal  symptoms  of  disease  of  the  spinal  cord  are,  (1)  paral- 
ysis, (2)  changes  in  reflex  activity,  ['■'>)  alteration-  "I    : 

(4)  disturbance  in  the  control  of  the  sphincters  of  the  board  u 

(5)  sensory  delects,  (6)  sensory  incoordination,  "alaw  .' 
turbanccs.     The  symptoms  arising  from  disease  of  the  medulla  and  pm- 
are  especial  I  v  related  to  tiffirt Uhi  uj  the  wirh'i  uj  the  era 

bintd  with  interruption  of  tfu  motor  and  smsorj  tntett,     Own 
existence  of  so  many  important  structures  dose  together,  small  vaxvfar 
lesions  or  tumors  in  these  n-gion-   ]m«linr   -erimi-  m 


structure  finds  its  highest  development,  and  morbid  pro- 
localized  as  to  lead  to  derangement  or  loss  of  Mime  particular  fundie. 
It  may  not  lie  out  of  place,  therefore,  to  give  a  brief  account  of  uV 
functions  "f  the  bruin  so  tiir  a-  tin-  loe-diwition  of  di-<  ■ 
Cerebral  localization  in  man  is  sometimes  said  to  have  liad  its  torou- 
tion  in  the  discovery,  in  1861,  of  the  *petah-t*ntrt  by  Rroca,  after  ah* 
is  named  that  portion  of  the  brain  corresponding  to  the  third  lrftjn*4d 
convolution,  and  it*  junction  irith  the  naeending frontal.  The  importtui 
clinical  observation  of  Hugh  lings  Jackson,  who  showed  that  an  irriuri" 

I;    i if  the  cortex  produced  epileptiform  convulsions  affecting  n\**- 

scntattve  groups  of  muscles  in  a  definite  inarch,  received  its  auatonikal 
and  physiological  explanation  by  the  ex|ierimeutal  discovery  of  eereboi 
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localization  by  Fritsch  and  Hitzigin  the  dog.  Various  monoplegias  in 
man  due  to  localized  lesions  have  been  noted,  by  which  the  Rolandic  area, 
has  been  mapped  out  into  definite  regions,  closely  corresponding  to  those 
mapped  out  by  stimulation  in  the  orang-utan  by  Horsley  and  Beevor 
(Fig.  314).  Munk  first  demonstrated  experimentally  that  removal  of 
both  occipital  lobes  caused  blindness,  and  that  removal  of  one  caused 
blindness  of  the  opposite  half  of  the  field  of  vision  (hemian- 
opsy).  There  are,  however,  functions  of  the  human  brain  which 
can  only  be  ascertained  by  association  of  defects  observed  during 
life   with   lesions    found   after   death.      Thus    have   been   identified 


il  lettered  represent  Flecbulg* 


The  part)  which  «r» 


the  centres  connected  with  (1)  articulate  speech,  absence  of  which 
is  termed  motor  aphasia,  localized  in  Broca's  convolution;  (2) 
visual  word  memory,  localized  in  the  angular  gyrus;  (■'()  auditory 
tpord  memory — cases  of  softening  of  the  posterior  third  of  the,  first 
temporal  convolution  having  been  observed  in  persons  who  could  read 
written  language,  but  could  not  understand  spoken  language  ;  (4)  cases 
of  disease  of  the  base  of  Vie  second  frontal  convolution  found  associated 
with  inability  to  write  words,  but  not  inability  of  utterance  (agraphia). 
According  to  Flechsig,  certain  areas  of  the  cortex  contain  only  neurons 
of  association  and  no  neurons  of  afferent  or  efferent  projection  ;  these 
latter  are  found,  according  to  bim,  only  in  the  excitomotor  (llolaudic) 
region  of  the  cortex  and  those  regions  which  are  concerned  with  special 
sense,  e.g.,  occipital  IoIh-s  and  tip  of  the  teniporospbenoidal  lobe;  all 
the  remainder  of  the  cortex  consists  of  association-cadre*.  It  is  probable, 
from  observations  irpon  the  effects  of  disease  as  well  us  of  extensive 
injuries,  that  tin;  frontal  loins  arc  concerned  with  the  higher  functions  of 
mind,  as  impairment  of  the  moral  and  emotional  faculties  has  been  the 


54fi  PATHOLOGY  OF  THE  XERVOUS  SYSTEM. 

only  result  nf  extensive  destruction  of  the  cortex  in  this  region.  There 
is  abundant  evidence  to  prove  that  the  departure-platform  of  the  efferent 
motor  projection  system  is  in  the  central  convolutions  (Fig.  314).  The 
neurons  of  this  system  are  physiologically  connected  by  the  dendron? 
with  the  terminals  of  the  afferent  projection  system,  and  by  the  tangen- 
tial system  of  fibres  of  the  superficial  layers  of  neurons,  by  which  co- 
ordinate action  of  adjacent  systems  is  maintained. 

In  every  voluntary  movement  the  whole  three  nervoiw  circles  (cerebral, 
cerebellar,  and  spinal)  are  in  action  (Fig.  333) ;  impulses  are  ascending 


the  afferent  systems  and  descending  the  efferent  during  the  whole  time. 
We  are  conscious  nf  the  |>osition  of  our  limbs  by  the  sensations  which 
ascend  the  afferent  system,  and  this  consciousness  is  necessary  to,  and 
precedes,  volitional  ninvcment.  The  neuse  of  movement  (kinatthema)  i* 
a  combination  nf  tin-  sensations  proceeding  from  skin,  muscle,  tendons, 
and  joints.  .1  /trior!  we  should  expect  the  arrival-platform  of  these 
sensations  in  the  cortex  to  he  in  close  proximity  to  the  departure-pUtfonn 
of  the  efferent  system.     Flrchsig,  by  the  embryologies!  method,  baa 
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shown  that  the  sensory  fibres  of  the  internal  capsule  terminate  in  the 

central  convolution.     It  must  he  admitted,  however,  that  tenant  of  tlw 
cortex  ilo  not  «*  u  rule  produce  marked  sensory  defeek. 

Lesions  of  the  brain  may  be  irritative  or  destructive.  II' un  irritative 
Union  he  situated  in  the  txeitomotor  arta  it  will  aaosefiU,  cuiumeneing 
usually  with  ti  sensory  aura  in  the  part  which  is  thniwn  into  convul- 
sions. If  it  be  ;i  destructive  tenon,  there  will  In-  a  Ai**  if  function,  which 
may  or  may  not  he  discoverable,  according  to  the  Bide  of  the  brain 
■Acted  and  its  seat.  Ijohh  of  xpeeeh,  •<['  viiual  irord-niemury,  of  audi- 
tory iroril-memwy,  or  agraphia,  only  occur  when  the  centres  in  the  lift 
hemiwpktr*  are  destroyed,  unkm  the  patient  lie  horn  a  left-handed  person. 
Extensive  lesions  in  some  portions  at  the  brain,  e,  g.,  frontal  region, 
may  not  be  discoverable  during  life,  hut  probably  this  is  owing  to  our 
want  of  discernment  and  of  previous  Knowledge  of  the  intellectual  and 
moral  character  of  the  individual  before  he  was  afflicted.  Vascular 
lesions  may  affect  extensive  areas  of  the  brain  simultaneously.  Thus, 
if  the  middle  cerebral  artery  be  blocked  at  its  commencement,  there  will 
not  only  he  softening  of  tltr  whole  cortical  area  supplied  by  this  vessel,  hut 

Km.  :sifi. 


also  of  Mi-  internal  capsule  and  bamd  ganglia  (A,  Fig.  316),  resulting  in 
/,.  xupUgia  :  and,  if  on  the  left  aide,  there  will  be  aphasia,  word-deafness, 
tad  teord-h&ndnaa.  If  the  artery  be  blocked  at  B  beyond  the  basal  ar- 
leric-.  there  is  a  possibility  of  some  collateral  circulation  being  restored  by 
the  anterior  cerebral.  If  thefint  Sylvian  branch  is  blocked  (('),  there  will 
he  softening  in  Brora'*  convolution  and  aphasia  ;  if  the  second  (E),  there 
will  l>e  mfiening  of  the  Rolandie  area  and  hemiplegia  ;  while  blocking 
of  the  posterior  main  division  (D)  of  the  middle  cerebral  artery  on  the 
left  side  will  cause  Kord-Uindnenn  and  irord-denfnexx,  frcxjiiently  accom- 
panied by  dementia,  but  not  by  motor  aphasia  or  hemiplegia.     The  effect 
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of  occlusion   of  the   posterior  cerebral  artery  is   lateral   hranony 
hemianopajf,  often  only  partial  in  character. 

Lesions  in  the  oenfrum  male  produce  effects  according 

seat  of  the  lesion.     The  motor  and  sensory  DTOJectioTi--eysteMl  fctB 
i'liTiiii-l-  with  their  base  at  the  cortex  ;in<l  their  neck  at    the  hit 
capsule.      It  requires  a  large    lesion    in   tin-  region  mentioned   to 
rupt  the  whole  of  the  fibres  belonging  to  one  of  these  system, 

I.i-iutis  ill'  the  internal  cap*" lc  are  esjiccjaliy  cimiriniri  in  both 
ing  mill  hemorrhage.      Both  motor  ami  seusorj  fibres  pat 
region,  the  latter  occupying  the  posterior  third  of  the  - 
the  central  third,  while  the  functions  of  the  anterior  fibres  an 
The  most  common  effect  of  a  lesion  in  this  region — "r  of 
causes  pressure  upon  the  capsule — is  hrmi-ptigitt,  the  oppositi    - 
bod/ being  paralyzed.      This  condition   Buy  be  accompanied  by  hmi- 
anixsUuwti,  in  some  case.-,  ou  the  same  side  of  the  body  as  the  par.ilv.k 
The  functions  of  the  cerebellum  have  been  determined  mora  ami  wild] 
in  recent  years,  and   Lueiani  has  shown  that  removal  of  thu 
animals  produces  osMenta,  atonia,  and  astasia.     Ii  is  generally  stlimttni 
that  the  cerebellum  is  au  organ  concerned  with  mtuewbr  <-,. 
and  it  is  probably  by  the  exercise  of  this  function  under  the  gnj 
of  peripheral  stimulation  that   it  serves  to  maintain  ■•'■ 
and  station.     Each  lateral  lobe  of  the  cerebellum  is  connected  wH 
motor  cortex  of  the  opposite  cerebral  hemisphere.     Probably  thecn*- 
helium  has  also  an  important  influence  upon  the  min'iiftmiiiiMi  nf  i—i 
in  the  fixation  of  n  joint  by  the  correlative  action  of  the  antagmmtit 
muscles.     The  results  of  cerebellar  dteeaae,  (._'/.,  tnmoi 
are  nndeadinem  of  gait  and  elation  ;   the  ataxy  which  results  i 
the //nit  being  oacUlating,  causing  the  patient  to  sway  to  and  froULsi 
drunken  man.      Asa  rule,  the  patient  walks  and   tern  I 
the  iiffv-ied  mile  in    unilateral  lemons.      There   is  generally 
ou  the  same  side  as  the  lesion. 

Injury  to  the  pons  varolii  may  be  accompanied  by  hyptruyl 
by  conjugate  deviation  of  the  head  and  eyes,  by  contra.:;. 
pupils,  and  by  crossed  paralysis,  tiie  face  being  paralysed  on  tbrsuw 
side  as  the  lesion,  the  arm  and  leg  on  the  opposite  side,  Tbula* 
phenomenon  is  due  to  the  fact  that  the  fibres  from  the  feuO-MM  uf  iV 
cortex  cross  to  the  opposite  side  in  the  pons ;  those  from  the  arm-  «wl 
leg-areas  decussate  in  the  medulla. 
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Three  membranes  enclose  the  central  nervous  system,  l«it  owiny  f 
tiie  intimate,  connection  of  the  pia  mater  ami   arachn 
suffer  together.     Inflammation  .if  the  tough  fibrous  -■■'■ 
paehymeningiti*.      Inflammation  of  the   soft   fda-araeh 
meningitie,  or  more  precisely,  as  the  antithesis  i<>  peon]  ineoii 
meningitie. 


. 
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Pachymeningitis. 

The  dura  mater  consists  of  two  layers,  a  thick  outer  layer  which  is 
periosteal  in  its  functions,  and  a  thin  inner  layer  with  a  smooth  epithelial 
surface.  Either  layer  may  be  the  seat  of  inflammation,  which  is  usually 
chronic. 

External  pachymeningitis  is  frequently  caused  by  caries  or  necrosis 
of  the  spine  and  bones  of  the  skull  due  to  syphilis,  wounds,  or  exten- 
sion from  disease  of  the  middle  ear. 

Morbid  Anatomy. — The  dura  mater  at  first  is  cedematous  and  con- 
gested ;  later  it  may  be  covered  with  pus,  which  separates  it  from  the 
bone  and  also  infiltrates  its  substance.  If  the  inflammation  does  not 
become  purulent,  the  thickened  outer  layer  of  dura  mater  may  become 
firmly  adherent  to  the  bone. 

Internal  pachymeningitis  is  characterized  by  the  formation  of  a  false 
membrane,  usually  very  vascular  and  consisting  of  several  layers. 
Owing  to  the  rupture  of  vessels,  blood-cysts  are  found  between  the 
layers,  known  by  the  name  of  lwematomata  of  the  dura  mater.  The 
false  membrane,  which  usually  causes  adherence  of  the  dura  mater  to 
the  arachnoid,  extends  generally  over  the  greater  part  of  one  or  both 
hemispheres.  The  condition  is  rare,  and  met  with  usually  in  general 
paralysis  of  the  insane  and  in  chronic  alcoholism. 

Meningitis  or  Leptomeningitis. 

Inflammation  of  the  pia-arachnoid  is  in  nearly  all  cases  due  to 
infective  inflammation  produced  by  micro-organisms.  The  most  im- 
portant form  is  tubercular  (p.  372).  A  number  of  other  causes  of 
infection  exist,  which  may  be  considered  under  the  headings  local  and 
general. 

Local. — (1)  Traumatic  injuries  of  the  head  with  direct  infection. 

(2)  Adjacent  disease  outside  the  dura  mater,  suppurative  otitis, 
chronic  ear-disease  with  caries  of  the  mastoid  or  petrous  portions  of 
the  temporal  bone,  and  occasionally  disease  of  the  bones  of  the  nose  or 
orbit.  The  infection  in  these  cases  may  spread  directly,  or  along  the 
course  of  lymphatics  or  bloodvessels.  It  is  probable  that  some  cases 
of  meningitis  in  which  no  visible  organic  cause  is  found  post  mortem 
may  have  arisen  by  the  infection  gaining  access  to  the  middle  ear  by 
the  Eustachian  tubes. 

(3)  Tumors  and  abscesses  of  the  brain  may  cause  inflammation  of 
the  adjacent  meninges. 

General. — Meningitis  may  occur  in  the  course  of  certain  infective 
diseases — e.  g.,  smallpox,  scarlet  fever,  measles,  septicaemia — and  in 
syphilis,  gonorrhoea,  pneumonia,  and  acute  rheumatism.  Cerebro- 
spinal meningitis,  due  to  a  specific  diplocoecus  (p.  313),  may  also  occur 
in  an  epidemic  form.  A  form  of  meningitis  described  by  Barlow  and 
Gee,  designated  posterior  basic  meningitis,  is  also  due  to  the  same 
diplocoecus.     It  affects  infants  and  young  children,  and  one-half  the 
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OinsiK&tll     Meningitis  in  rare  instances  ha*  followid  a  blow** 

causing  any  wound,  and  it  has  been  found  post  mortem  in  - 

of  BUBstrokc.      Thickening  and  opacity  of  tin-  tnctubi  ■ 

chronic  wasting  degenerative  processes  of  the  central   uervoa 

for  example,  tubes  dorsalis  and  general  paralysis.     The  process  k  hflt 

generally  considered  to  lie  sirominri/  to  the  atrophy. 

Morbid  Anatomy. — When  the  infection  is  lix-al  (hi-  meningitis  nav 
be  circumscribed,  but  when  the  cense  is  some  infective  blood  i 
it  i-  usually  generalized,  and  may  in  Boms  case-  affect  the  spin 
as  the  cerebral  meninges — (■■•/.,  meningitts  occurring  In  dm 
pneumonia  may  in  many  ways  resemble  the  epidemic  form.     Tuber- 
cular   meningitis    usually    affects    //»■    hour    primarily 
whereas  in  other  forms  the  convexitirx  of  the  hemispheres  are  affeilol 
Certain    changes   are  common    to  all    forms   of  meningitis.      'Hit-  |>u 
mater  is    intensely  hyper.emic  and  red,  a*  if  the  vessels  had  been  irti- 
ncially  injected.      Soon  ojiacity  and  thickening  of  the  rnninlllllH 
recognizable  most  readily  in  the  arachnoid  ;  and  along  the  course  of  nV 
vessels   there   is  an   opacity  owing   to  distention  of  the   net 
lymphatic  sheaths.     An  inflammatory  exudation  from  the  N 
of  the  pia  mater  occurs  ;  this  may  be  serous,  sefOpunileat,  ..r  purnlrn:, 
and  is  manifest  especially  over  the  sulci  of  the  convexity  and  in  tin- 
spaces  at  the  base  of  the  brain.      In  severe  cases  pus  mixed  II 
forms  a  continuous  opaque  yellowish  layer  under  the  visceral  ho  i 
arachnoid.      The  inflammation  usually  spreads  to  the  adjacent  -; 
causing  neuritis,   myelitis,  encephalitis,  ami,  lain-  <-i 
ventricles  of  the  brain   and   the   interpeduncular  sulmrachncid  *i»« 
may  be  distended  with  a  turbid  serous  fluid,  and  the  choroid  pletutv 
well   as  the   velum    interpositum   is   usually    congested   and   malam 
This   fluid,  examined    microscopically,  may  be  found  to  contain  linp- 
granular  epithelial  cells,  leucocytes,  or  pns-cclls. 

The  suppurative  process  is  extremely  marked,  and  often  very  rapid 
in  formation  in  epidemic  cerebrospinal  meningitis. 

Effects.— The  first  stage,  or  period  of  excitation,  is  charact)  i 
headtu-lir,    detirimu,   rigidity,    and   general  or    (oral   cofiVuttkmMt   the* 
symptoms  can   Ik-   accounted  for  by   the   irritation,  in   early    - 
inflammation,  of  the   cortex,  mis,  pons,  medulla,  or   the   ifi 
and   nerves. 

The  second  stage  or  period  of  depremiion  occurs  as  the  inflanmiat-Hi 
extends  into  the  cortex  and  motor  nerves, /MraJjjwm  of  various  kind* 
appearing.  In  the  tinal  stage,  the  increasing  effusion  into  tin-  *iti 
causes  a  rise  of  intracninial  pressure,  and  thus  indua  - 

THE    CEREBROSPINAL  FLUID 

Tlir  cerebrospinal  fluid  is  altered  in  man1.  Taa*. 

it  is  inemmal  in  ouantitii   in  oases  in    which   there  is  procure  on  t** 
afjyjyf  Galen  and  resulting  venous   hypcncinia,  as  well  as  in  intUae 

^      m  n  null  tit  ins  "f  the  ineiiilir.iiies. 
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Obliteration  of  the  fi minion  of  Magendic,  l>y  preventing  the  escape 
of  cerebrospinal  fluid  from  the  ventricles  of  the  MOID  and  causing  ita 
accumulation  in  these  cavities,  produces  hydrocephalus  or  distention 

of  the  ventricles  with  fluid  (p.  55!)) ;  the  cerebral  substance  then 
atrophies  as  a  result  of  pressure.  In  other  cases  wasting  of  the  brain- 
substance  is  followed  by  inr.rt-.iswl  exudation  of  fluid  to  fill  up  the 
cranial  cavity  (general  paralysis,  senile  atrophy). 

In  meningitis  the  numlicr  of  Iritctxytiv  in  llio  cerebrospinal  fluid  is 
increased — in  taliemilnsis  the  lymphocytes  predominating,  in  most 
other  infective  conditions  the  niultiuuclear  leucocytes.  Infective  organ- 
inis  may  exist  in  this  fluid  ;  aw,  for  example,  tiilierele-bucilli,  pneu- 
moeoeci.  meningococci,  and  trypunosomes.  The  cerebrospinal  fluid 
may  be  obtained  for  examination  by  "  lumbar  puncture" — that  is,  by 
insertion  of  the  needle  of  an  exploring-syringe  into  the  spinal  thfiOB  in 
the  region  of  the  cauda  equina. 

INFLAMMATION    OF    THE   CENTRAL   NERVOUS 
SYSTEM. 

Encephalitis. — Inflammation  of  the  brain  may  arise  from  three 
causes  :  traumatic  injurv,  inflammation  of  adjacent  structures,  and 
Mate  infective  diseases — erysipelas,  typhoid  fever,  typhus  and  diph- 
theria. Stnimncli  considers  that  infantile  cerebral  hemiplegia  is  due 
U>  a  primary  systemic  inflammation  of  the  gray  matter  of  the  motor 
cortex,  analogous  to  anterior  poliomyelitis;  hence  he  terms  it  polio- 
ttootfjuilitis.  Very  probably  the  two  diseases  have  an  identical  cause. 
Anatomically,  the  alteration  in  the  brain-tissue  which  results  from  acute 
inflammation  is  a  process  of  ml  softening. 

Cerebral  Abscess. — The  causes  may  lie  divided  into  local  and  distant. 
By  far  the  most  frequent  /oca!  cause  of  cerebral  abscess  is  chronic  ear- 
liinenAe,  Inflammation  of  the  middle  ear  or  mastoid  cells  is  often 
followed  by  ii  purulent  discharge  anil  curies  o/  (he  bnuc ;  not  infre- 
quently arrest  of  the  discharge  is  followed  by  abscess.  Occasionally 
then'  may  be  no  bone  disease,  only  suppurative  inflammation  of  the 
middle  ear  or  mastoid  cells;  and  in  such  cases  the  infection  probably 
passes  by  the  perivascular  lymphatics  along  the  veins  which  connect  the 
tympanic  cavity  and  mastoid  cells  respectively  with  the  superior  petrosal 
and  lateral  sinuses.  Disease  of  the  nose  and  orbit,  syphilitic  caries  of 
other  bones,  tumor  of  the  brain,  and  injury  are  among  the  rarer  causes 
of  cerebral  abscess.  I  Muni  rtnrxr.i  are  py;emia,  gangrene  of  the  lung, 
t«e t id  bronchitis,  bronchiectasis,  am!  empyema — all  rarely  met  with. 

Mor/iii!  Aiuit'iiii;/. — Abscesses  are  usually  solitary,  but  there  may  be 
several,  and  in  pyemia  sometimes  many;  in  size  they  are  rarely  less 
than  that  of  a  walnut,  and  many  even  involve  the  greater  part  of  a 
cerebral  hemisphere.  Owing  to  the  frequency  with  which  ear  disease 
acts  as  a  cause,  abscess  is  met  with  most  often  in  the  temporospheuotdal 
Uba  and  the  lateral  lobe  of  the  cerebellum.  In  nasal  and  orbital 
it  is  usually  found    in    the  adjacent  frontal  lobes.      In  c 
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cases  the  abscess  cavity  is  limited  liy  a  well-defined  capsule  :    tin- 
acute  the  abscess  the  less  is  there  a  tendency  for  ii  to  lie  ciniunscril 

Tlie  process of  xii/i/i'ii-fi/if it  entomences  with  inuanimatory  mtU-niB-;: 
cell-infiltration  replacing  and  destroying  llic  normal  sarnetnre.      Pus  » 
formed  winch,  in   the  case  nf  ear  disease,  is  usiudh   ol 
and  frequently  of  fetid  odor  and  acid  reaction.      It  is  made  up  of 
corpuscles,  degenerated  cells,  tat,  oboteaterin,  bMmatoidjn,  and   i 
organisms,  usually  staphylococci  and  streptococci.     Tha  pua  is  ami 
at  iirst  in  an  irregular  cavity,  and  there  is  :t  tendeney  for  the 
increase  by  a  necrosis  of  portions  of  the  limiting  tissue  ;  it  may 
by  spreading,  hurst   into   the   Intend  ventricles  or  externally.       It 
however,  become  eueapsnled   by  connective   tissue,  and  the  pan, 
going  mucous  degeneration,  becomes  thick  and  viscid.     It   is  t J ■ 
that  pus  thus  encapsiiled  may  dry  up  and  case-ate  or  calcify,  Of  BVBfl 
completely  absorbed,  leaving  little  more  than  a  war.     The   - 
produced  by  abscess  depend  upon  local   irritative  effects  of  I 
tive   in  Ham  mat  ion,  septic  absorption,  and,  in  seven  cases,  intracranial 
pressure. 

Myelitis. — The  term  myet&ia  has  l«vn  iwd  tin-  nl!  u 
ation  of  the  spinal  cord,  and  thus  we  have  the  Bubdivanoi 
subacute,  and   chronic  ;  or  it  may  Ih*  considered  aeei.i'  I 
ation,  and   then  the  terms  transverse   myelitis,  diffua 
myelitis,  poliomyelitis,  and  meningomyelitb  arc  need. 

The  true  causes  are  probably  infective  organisms  or  i 
Oild  and  injury  may  operate,  as  in   pneumonia,  by  lowering 
resistance.      Some  forms   may  be  due  to  vascular  occlusion,  and  analo- 
gous to  cerebral  softening. 

Of  all  the  infective  diseases  which  lead  t"  these  various  forms  «f 
myelitis,  syphilis  is  the  most   important  ;  but   tuber  U 
duct  ion  of  Pott's  disease  and    tneuin^umveliti-),  epidemie  ivn'hrwpiiaJ 
meningitis,   gonorrbesa,    measles,  diphtheria,    influents,    ecarl 
smallpox,  and  typhoid   fever  offer  example-  ■■!'  infective  dial 
have  been  followed  by  various  forms  of  myelitis.     I'robablv  the  tutUm- 
mation   is  due   to   the   loj-iim   produced    in    the   blood    b\    tin 
organisms.      Other  toxic  agencies,  as  in  ergotism,  pellngra,  and   latbyr- 
ism,'  offer  examples  of  vegetable  poisons ,-   lead   and  arsenic,  of  Mineral 
pojsont,  any  of  which  may  cause  myelitis, 

Acute  Myelitis. — The  nak"d-eye  rippem-aner*  aii'  variable  :  the  spiral 
tissue  is  sometimes  softened,  pinkish-white  in  appearance,  y.  Ilonidi  ■  * 
brownish -red,  aeon-ding  to  the  condition  of  the  bloodvessel*  and  U* 
amount  and  change  in  the  extravnsated  red  blood-CDTrJUacleB.  la  at 
early  stage,  a  large  numlier  of  gnundar  corpuscles  and  amyloid  bd»* 
appear;  the  axis-cylinders  are  either  swollen  and  granular,  in  d 
and  the  myelin-sheaths  ol*  the  white  matter  arc  rapidly  broken  tip.  TV 
ganglion-cells  undergo  degeneration  ;  their  processes  art.-  swollen  aaa" 
varicose,  or  broken  off  (Fig.  31!')-  Stained  by  Ntml'a  m 
i-hroinalie  substance    loses    its   normal  appearance,  and  the  grajiolci  eat 

1  Poisoning  hy  /cifAyrut,  v  hick  pea. 
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mi  longer  visible  in  the  cell-body  or  dendrons.  The  protoplasm  is 
diffusely  stained,  and  the  nucleus  eocetitiric  or  extruded  ;  later  the  cells 
pTOPBDJ  signs  of  atrophy,  and  eventually  may  completely  disappear. 

The  uesods,  throinlMisis  of  which  appears  in  many  cases  to  be  the 
determining  ciiuse  ol"  the  above-mentioned  changes,  are  engorged  with 
blood,  and  their  lymphatic  sheaths  filled  with  leucocytes  ;  and  when  the 
inflammation  is  very  intense  hemorrhages  may  be  found.  There  is  an 
increase  of  nuclei  and  small  round  cells  iu  the  gray  matter,  and  Deiters's 
cells  are  more  numerous  than  normal. 

Later  the  connective  tissue  undergoes  proliferation,  and  there  is  rapid 
progressive  softening  of  the  nervous  elements  owing  to  grnuulofatty 
degeneration.  The  process  thus  passes  into  the  chronic  stage,  eonsti- 
tutingf/m^  xi>fti'i)ht{j.  Heuiorrhages  may  occur  iu  these  ibci  of  softening, 
and  eventually  the  process  ends  in  a  eoteroae,  au  overgrowth  of  fibrous 
connective  tissue  replacing  the  cells  which  have  been  destroyed. 

All  varieties  of  diffuse  myelitis  have  a  common  pathological  anatomy, 
but  the  clinical  symptoms  will  of  necessity  vary  according  to  the  seat, 
extent,  and  distribution  of  the  inflammatory  process. 

Periependymal,  or  central,  myelitis  occasionally  occurs,  but  the  effects 
depend,  as  in  syringomyelia,  upon  the  amount  and  seat  of  the  destruction 
of  the  gray  matter. 

Meningomye litis. — Erb  has  called  attention  to  the  fact  that  in 
Byphilis,  very  frequently  in  the  early  secondary  stage  of  the  disease, 
a  /'fill  iiii/i-fitin  occurs,  the  principal  features  of  which  arc  diffuse  mye- 
lin- of  tin-  white  matter  (not  involving  definite  tracts),  local  thickening 
of  the  meninges,  and  a  /teri/iliMtUui,  with  venous  sttisis  or  thrombosis, 
but  no  syphilitic  changes  in  the  arteries. 

Transverse  myelitis  is  produced  by  Pott's  disease,  aneurysm,  growths, 
and  thickening  of  the  dura  mater.  The  symptoms  vary  according  to  the 
seat  of  the  lesion.  The  mechanism  of  the  damage  to  the  cord  is  two- 
fold— viz.,  eomprtssian  and  inflammation.  The  cord  may  (at  the  seat 
of  compression)  be  flattened,  indented,  or  even  reduced  very  greatly  in 
size  (Fig.  337) ;  on  section  it  lias  usually  a  gray  appearance.  The 
taJeneoopical  ap]>ea ranees  ol'  inflammation  correspond  to  those  already 
described,  and  the  changes  in  the  cord  above  and  below  the  seat  of  in- 
jury are  described  under  secondary  degenerations. 

The  pathological  effects  mav  he  considered  under  two  distinct  head- 
ings— roof  symptoms  and  cord  symptoms.  The  former  usually  develop 
first  in  the  form  of  shooting  pains,  owing  to  irritation  of  the  sensory 
roots  involved.  With  the  pain  there  is  usually  liif/tmvstlmia  of  the  skin. 
Irritation  of  the  motor  roots  causes  painful,  contracture.  Cord  symptom* 
arc  :  paresis  or  paralysis  below  the  lesions,  inermxe  of  superficial  nfle.rex 
:tnd  nt'  mi/itfiilir  irriUtliilUij.  There  may  be  no  loss  of  sensibility  discov- 
erable in  the  parts  below  the  lesion,  although  there  is  complete  ]«iralysis ; 
but  there  may,  on  the  other  hand,  be  delay,  and  in  severe  cases  absolute 
lews  of  sensation.  Paralysis  of  the  sphincters  and  a  tendency  to  bed- 
Oompany  lesions  affecting  the  lumbar  enlargement.  If  the 
is  in  the  lower  cervical  region,  the  pupils  may  be  affected  from 
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implication  of  tbe  ciliospinal  centre,  and  the  pulse-rate  diniiniahtri 
damage  of  the  accelerator  fibres  of  the  heart. 

Poliomyelitis. — -An  aetite  inflammation  of  the  anterior  oomin  i-  ti-r 
morbid  change  found  in  iqfantiU  paratyeu  mid  in  aeut< 

of  the  adult.    Binger  and   Ksmh 
Fio.  an.  have  shown  thai  they  can  prodnai  -■ 

■  l<-i  i  ii-tii  .n  of  the  :int.  nor  ban  bjA 

of  the    rabbit  b)    ■ 

abdominal  aorta,  tfaua  mitt 
supply  of  blood  loth.-  [a 
il..  .  - ...  I  I;  ■  highly  POOH* 
anterior  poliomyelitis  i-  dot  lo  U 
ing  of  the  anterior  ndionln  u 
by  inflammatoi  y  thi 
nf  infective  origin  (Fig 
which  one  oral!  tin-  group 
tin*  anterior  born 
granpioruiUrlorhoraMllibytiic      cording    I"    the   BXten.  ,.f  ,,vlii- 

"'  li.-.-lrk.- .rn.llNiMlKLi         t  laiH.   }lilh,ll*.'.s   I)!'    ~.  if:, 

LF  "''V.l!  V!(!'.7ri.V.t      'lnl,,,'i"r  ''"t'liiia  on  one  -t  both  -i-i-. 
11  .'i|.ikiiiniK     The  ouoroacopioal  ■ppcami 
iiumii,  pel     anterior  horns  in  a  recent  sn 
m  ,    mjH  ilarto  those  ilc-iTilkil  as  . 

acute  myelitis  (Fia 
iippetinine.es  presented   by  the  spinal   eord  may  van   very  eon 
according  to  the  length  of  time  which  has  . . 

no,  us, 
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the  ilineswe.      In  an    old  enxe,  the  segment*  nf  the   Bpinal    OOfd 
sjKiiuIiiig  io  the  iiiiiM-ulur  j«iral\ sis  (usually  lumbar  and  oervki 
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largements)  exhibit  a  more  marked  tmnslneoncy  of  tiu'  gimy  matter  of 
the  anterior  horns  ;  ami  it'  limited  to  one  Bide,  U  it  often  i*,  I  diminu- 
tion in  size  of  the  anterior  horn  as  compared  with  the  opposite  healthy 
side.  The  anterior  horn  cells  may  he  absent,  or  vestiges  of  dvgflD* 
emted  ganglion-cella,  in  the  form  of  obtuse  or  ranadM  protopluodc 

bodies  without  processes,  may  be  present.      The  fine  ncrvc-plcxus  n\- id 

the  cells  is  either  jrreatly  diminished  or  <-inii|ili-lrl v  absent,  ami  only 
neuroglia  and  Peiters's  cells  may  lie  visible.  The  TnMOll  an-  iliii-ki OH. 
When  the  lesion  is  bilateral,  it  is  rarely  symmetrical  ;  more  frefpiently  it 
i-  unilateral,  ami  it  will  then  be  observed  tlmt  there  is  secondary  iitrn- 
phy  of  correlated  structures  of  the  same  ball'  of  the  OOfd — -viz.,  of  tbi 
Posterior  cohmin,  anterolateral   column,  and    posterior  born;  some  ob- 


server^ have  iL-v-rilril  almpfay  of  the  enrTeHpnadmg  aw 

of  tl»-  brain.      Atn^try  nf  anteritir  rewt-fibr**  imt  uentr.     Atrophy  t4 

the  bone*  ha=  abm  been  fcond. 

Ludrr's  paralyria  \»>-*u  n***4\n*j  faralym)t  no  defewte  Www  ha* 
been  described  ;  it  mar  i»-  dne  u<  the  eflVrU  >4  a  toxm  aetaajr.  up*t  the 
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Morbid  Anatomy.— 'V'-'.  ami*  •>/  «'/crom»f  or  j-otrlu*  aj  no/bug 
may  be  found,  the  result  of  embolism,  thrombosis  or  henna  llia|"».  minll* 
meningeal.  Porenceplm/mi  is  generally  congenital.  It  i.t  a  di-fa-t  nf 
the  convolutions  of  variable  extent,  by  which  a  cavity  is  formed,  pf»- 
t  rating  a  variable  distance  into  the  hemisphere.  Mm  ' 
ventricles.  The  meninges  are  intact  and  present  neither  tbktaiap 
nor  adhesions  ;  often  tlie  membranes  arc  found  adherent  to  tin-  afMBOjH 
of  (lie  ventricles.  The  defect  is  generally  limited  tn 
definite  vascular  supply.  The  convolutions  around  usually  pnseal  i 
radiate  appearance. 

Atr-'jj/iff  'lift  Si-I'ioxix. — Groups  of  convolutions,  an  en  tin 
the  whole  of  a  hemisphere  may  Ik'  wasted,  and  usually  in  such  iw 
there    is   atrophy  of  the  opposite,  half  of  the  cerebellum.     The  mem- 
branes     may    appear    normal ;    more    often    they    in    thickcaed  aihl 
adherent.     Sometimes  there  are  little  nodular  projections  all 
surface  of  the  atrophied   eon  volutions.     Some  of  these  cu.--  - 
the  result  of  polio-encephalitis,  others  are   due  to  thrombose  ■ 
In    both  conditions  multiple  hemorrhages,  atrophy  of   nervous  nww, 
and  overgrowth  of  glia-tissne  are  found. 

Mention  may  also  be  made  of  :i  severe  form  of  iiifautih-  p*l 
cerebral  origin,  associated  with  blindness,  which  affects  members  of  u» 
same  family.     It  hits  been  termed  by  Sachs,  wbo  described  it.-  patli- 
ology,  "amaurotic  family  idiocy."      It  U  a  good  example  of  hmtiiin  ■ 
failure  ofdrcelojimriit  (ni/enem  vortictilU). 


TUMORS. 

Etiology. — The  cause  of  cerebral   tumors   i-,  aa  a    rule,  noknon, 
except  those  of  syphilitic  and  tubercular'   origin,  and   tin- 
varieties  of  parasitic  cysts.      Many  are  secondary  deposits  from  jtp>*iIp 
elsewhere,  or   commence  in    the  enclosing  and    supporting    '■■ 
mesoblostic   origin.      There    are,   however,   a    numlier    of   tumor*,  <i 
which  glioma  is  the  commonest,  which  commence  in  epibhi-i 
ores;    and    these,    together    with    other  primary    forms, 
developmental  causes,  as  yet  little  understood.     Cerebral  tumor  i*  m* 
infrequent:  according  to  Starr,  it  is  the  cause  of  death   in  one  «.•*"•" 
of  every  120  examined  upon  the  post-mortem  table  of  nOBpJI 
mor  is  met  with  most  frequently  in   early  and  middle  life  ;  it  ■  hrin 
as  frequent  in   males  as  in   females,  and  of  all   the  mnwi  of  «nU 
tumor   more    than    one-ludj    -in-   tubercular.      Excepting    syphili>  W 
tuberculosis,  the  other  forms  of  primary  tumor  maj 
parently  healthy  persons,  although   frequently  there  is  a  history  rfl 
blow    <m    the  heat},  «r  Inciil  injury.      It    may  I"'   that   the  blow    nwrrh 
excites   inflammatory  change  in   the  tissue  around  a  growth  which  i* 
more  or  less  latent,  t.  </.,  a  tubercular  deposit. 


TUMORS. 
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1 1 )  Gliomata  (p.  103). — These  growths  do  not  necessarily  destroy 
the  brain-substance,  lor  frequently  the  nerve-fibres,  being  merely 
pushed  aside,  retain  their  conducting  power  (Fig.  322). 


nrinBflromph'.l..i:ro|,l]  ihowlnghemlatropbTorthe  left  hemisphere,  ftomaoua  of  amgHtUl 
hemiplegia  wllli  epilepsy  uml  imbecility.  TIrtc  was  also  atrophy  of  the  rij;ht  half  of  the 
nrcbeltum.  It  will  be  observed  tint  the  bone  la  rumsi-oudiiiKly  thickened  where  the  bono 
U  atrophied.    The  lesion  was  probably  primarily  in  the  Anterior  part  of  Oil-  optic  thalamus. 


(2)  Sarcoma  (p.  116)  seldom  arise*  in  the  substance  of  the  central 

nervous  system,  Wing  of  mesolilastie  origin.      Primary  sarcoma  coni- 

Mnoee  in  the  fibrous  structures  of  surrounding  lissuo,  for  example,  in 

m  pia-arachnoid   membranes,  in  the  dura  mater,  in  the  jteriosteum  of 

cranial  bones  and  vertebra;,  and  in  the  bones  themselves,  especially 

of  the  skull. 
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(I!)    Wiiinmtitii  (syphilis  of  the  nervous  system  (p. 

(-f)    Tubereiilur  mrttuu-n  (p.  350). — These  tumors  arv  most  Be 
met  with,  according  ti>  Gowera,  in  (1)  the  cerebellum,  (3)  the  ama, 
and  (3)  the  rums.     They  occur  especially  in  ehildren,  and  I'nijiwitK 
give  rm  to  hydnoaphahu. 

(5)  fiii-i-hioma  is  nearly  always  secondary,  nntJ  tin-  primary  ffllft 
is  most  frequently  in  the  mammary  gland ;  this  form  is  null  . 
grows  rapidly. 

(6)  Peamntomata  (p.  108)  as  a  rale  do  not  prodaoe  tymptomsofhnr 
cranial  pressure,  although  they  give  rise  to  oaavnleioM  wh.-n  prwshit 
upon  the  central  convolutions.     Many  of  these  may  be  teen  ■  ■ 
post-mortem  table  in  cases  which  were  rTumrrl  ai  epileptic  di 

the  asylums.  The  tumors  arc  circumscrilwd  and  indent,  hut  il»  iu« 
infiltrate  the  subjacent  brain  tissue,  ami  arc  therefore  quite  oaabb  it 
removal  (Fig.  321). 

Parotitic  cyttt  (echinoooocua and  cystioerci)  ip.  _'4ij),  cAoWmtoa**), 


ned.  probably 


ir  en i wine  from  ihr  dura  matt 
i>  parti  yrti  durin 

M     «T]     lid*     gtOWth.      I'ulli-lll     * 


nwfiimiri'timitlit,  mujiomatn,  dmno'ui  ryuf*,  q/M»  of  thr  choroid  ttnm, 
and  other  growths— r. ;/.,  ttimnrn  "/  tiu  kyjto/thyaU  eerebri— «re  in  raw 
cases  met  with.  The  morbid  anatomy  of  these  tumors  b  de-.ribrd  &r 
where. 

The  pathological  effects  of  tumors  arc  (1)  inertxutd  inhuuvmd 
prmmre  upon  till  purtu  of  lli-  bruin,  producing  comprwmom  ofrtimiKd 
hydro])*  ventrmtlorum  ;  and  (2)  direct  irritation  or  dmtriirtion  fjf  utrtf 
r/fiiii-iitu,  rauniiiy  loan  or  impuiriwut  of  function. 

The  general  lymptoma  of  tumor  are  hciidarhe,  vomiting,  r*rtigo,d 
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j/utxi;  WMUtaioM,  stupor,  and  ilntirximttx,  and,  most  important  of  all  as 
B  menu  of  diagnosis,  "fil'ir  tirn.rilin.  All  these  symptoms  are  probably 
due  to  increased  intra- t;iii ial  pressure.  O/i/iV  tinintm  depends  not  so 
ntiiL'li  upon  the  size  and  situation  of  the  tumor,  as  upon  the  rapidity  of 
its  growth.  There  are  three  views  as  to  the  causation  of  optic  neuritis, 
viz.,  (1 )  that  it  i-  due  to  irritation  and  inflammation  of  the  sheath  of  the 
optic  nerve,  produced  either  by  irritation  arising  from  suhstane.es  con- 
tained in  the  cerebrospinal  fluid  of  the  sheath  of  the  optic  nerve,  or 
by  direct  extension  of  meningitis  ;  {'!)  that  it  is  due  to  obstruction  of 
the  outflow  of  the  venous  blond  from  the  ophthalmic  vein  owing  to  the 
increased  pressure  on  the  cavernous  sinus ;  but  this  theory  of  von  Graefe 
has  been  discounted  by  the  fact  that  a  free  anastomosis  occurs  between 
the  ophthalmic  and  facial  veins  ;  {.'!)  that  the  intracranial  pressure  Inter- 
Hres  with  the  return  of  lymph  along  the  sheath  of  the  optic  nerve,  caus- 


^8 


ing  eedema  and  swelling  of  the  di-e.  (lowers  inclines  to  the  opinion 
(hat  a  combination  of  causes  may  be  in  operation.  No  doubt  simple 
stasis  in  the  vans  would  soon  be  followed  by  exudation  and  migration 
of  leucocytes,  and  all  the  appearances  of  inflammation  might  thereby  lie 
produced.  In  many  c:ws  of  tumor  an  ampul  lit  ry  swelling  has  been 
observed  where  the  sheath  is  weak  at  the  entrance  to  the  eyeball. 

Itegional  or  j'wal  xi/mptoms  are  caused  either  by  direct  or  indirect 
involvement  of  structure  |»issessing  particular  functions.  The  morbid 
process  may  occasion  phenomena  of  an  irrilalirr  character,  e.  g.,  a  tumor 


060  PATHOLOGY  OF  THE  NESVOV8  5T&TBM. 

situated  in  some  part  ol"  the  Roluudic  region  may  product 
vnlsioQ:or  it  may  be  dattnoHn,  and  produce  losa  of  function  (partly" 


Syringomyelia. 

This  is  ;i  miti-itl  i//ioxin  of  (lie  spinal  con),  causing  diwtrurtinn  of 
the  gray  matter  and  excavation.     The  usual  seal   i-  around  tl 
canal   in   the  pfri-ejirinli/imil  tissue,  or  behind   the  canal,  in  tlir  gm 
substance  of  the  posterior  commissure ;  thence  it   invailis  I  lie  anterior 
and  posterior  horns.      It  is  usually  a  neoplastic  formation,  but  iotoida| 
to  Charcot  it  mayari.sefntmacentr.il  myelitis.      UncMMBOf  tUtHtin 
growth  of  embryonic  tissue  is  unknown.     The  reselling  symptom- w> 
iiiiiMfiihn-  wasting,  and  /<>**  of  sensation  to  Ktai  and  oold 
pfmtiima,  but  preservation  of  sense  of  touch.      This  sensory  dtnonafm 
is  peculiarly  characteristic  of  the  disease,  and  goes  to  prove  thai  Wat 
was  right  in  asserting  that  the  gray  matter  conducts   painful  mtk-iImii-. 
and  the  posterior  Columns  tactile  and  llilliil  llllll niniil  iwpnnwi 
destntotioD  of  the  anterior  horns  produces  the  muscular  wasting,  whilr 
that  of  the  posterior  horns  the  Benaory  disturbance,  and,  potmUf,  th 
trophic  affections  that  often  occur.      Of  course,  the  distribution  of  lb* 
motor,  sensory,  anil  trophic  changes  will  depend  entin-ly  ttpon 
ments  of  the  spinal  con!  affected.      There  may  l>e  unilateral  dV 
of  the  anterior  and  posterior  horns  of  the  same  .-idc  ;  and  thi*  ba*b«o 
found  associated  with  motor paralysia  and  sensory dlstnrfaaoBBnf  lbs i 
limb  or  side  of  the  body. 


DISSEMINATED  CEREBROSPINAL  SCLEROSIS. 


IiiHtttnr  Si'lrffjxi*  ;  Multiple  Sc/rrnsis, — This  very  obscure  t 
chhracterized  by  varying  symptoms  due  to  the  formation  of  islands  1/ 
sclerosis  scattered  .it  random  in  the  brain,  spinal  run  I,  ;ui.|  ■ 
It  usually  attacks  healthy  young  adults  of  both  -  ,and  nearly  ahoQl 
occurs  between  puberty  and  middle  life.  Many  morbid  ihHuninw  haw 
been  associated  with  the  disease,  r.  </.,  grief,  worry,  ami  oven  1 
a  considerable  number  of  case,-  have  followed  an  acute  gpcdfio  fever ,  A 
has  been  conjectured  that  the  disease  is  the  result  of  »  toxin* 

Morbid  Anatomy. — Scattered  at  random  through  the  I  .rain,  #piatt 
cord,  and  nerves  are  islets  of  xcleroxis  varying  in  sice  from  a  hemp—nJ 
to  a  walnut.  The  naked-eye  appearance  of  these  patches  rarisi  st  dif- 
fercnt  stages  of  the  disease.  In  the  early  stage,  the  morbid  process  oab 
becomes  apparent  after  the  tissue  has  been  hardened  in  W 
a  few  days,  and  doubtless  this  may  account  for  some  of  those  eases  whit 
have  been  confounded  with  hysteria, owiug  to  the  abeenoe  of  anynwe- 
nizable  lesion  on  the  post-mortem  table,  In  the  advat 
islets  closely  resemble  giiomata,  and  present  a  grayish  gi 
ance,  offering,  therefore,  a  marked  contrast  to  the  sum  mm 
matter,  in   which   they  are  usually  situated.      Occasionally  t 
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extends  to  the  gray  matter  of  the  cord  ami  medulla,  but  very  seldom  to 
the  cerebral  cortex.     The  term  adsroaia,  however,  is  a  misnomer]  as  the 

Fig.  323. 

i 

Insular  neleKisli.  A  small  pnritrin  of  the  eclae  of  an  i-lnnrl  ,.f  «cUtoi.|>..  Tin'  sd-tion  ulimnciver- 
growth  of  the  neuroglia- tissue  st  the  expense  of  the  whlii*  myelin-sheath.  The  neuroglia 
stains  deeply  with  carmine.  Numbers  of  Murt  liols  are  observable  in  the  neuroglia ;  these 
■re  Beciloni  of  naked  aiSs-eyliuder-proeefises.  their  myelin-" heath  having  disappeared. 
Tberearesumc  empty  spates  In  Ihe  section,  nut  iheseare  in  all  probability  accidental.  X  180. 

patches  are  usually  softer  than  the  surrounding  tissue.  The  patches  of 
sclerosis  are  largest  in  the  centrum  tivale,  but  most  abundant  and  smallest 
in  the  spina]  cord,  although  in  some  eases  they  may  extend  in  a  fusi- 
form manner  tin-  a  considerable  distance. 

Htttologjf, — The  islets  consist  of  a  feltwork  of  neuroglia,  in  the 
meshes  of  which  are  a  greatly  diminished  number  of  nerve-fibres,  pre- 
senting for  the  must  part  morbid  appearances  especially  affecting  the 
rnvclin-sheatli ;  at  the  edges  of  the  pateh  a  gradual  transition  into 
normal  tissue  can  be  observed.  Where  the  process  is  seen  in  an  early 
stage  then  arc  dilated  vessels  surrounded  with  leucocytes  ;  and  it 
may  be  asked  :  Is  this  an  inflammatory  reaction  due  to  a  toxin  in  the 
blood,  or  is  it  only  the  reaction  to  injury  of  the  myelin-sheath  of  the 
nerve-fibres ?  It  has  hut";  been  held  that  although  the  medullary 
sheath  is  undoubtedly  absent,  the  axis-cylinders  persist  unchanged 
throughout  the  islet  ;  only  in  this  way  can  we  account  for  the  fact  that 
hk  n  mlr  ni/tik:in !>•  tfri/riu-rtiliimx  urr  nlmmt  above  and  below  the  patches, 
Hui  eases  do  occur  in  which  the  axis-cylinders  also  show  well-marked 
DbstibgBfl  and  in  which  they,  as  well  as  the  .-heath,  are  nnrjoubtedly 
absent  in  the  sclerosed  area.  The  morbid  process  appears  to  begin 
in  (be  myelin-slieath,  which  swells  up  and  eventually  disappears,  ils 
plan'  being  occupied  by  the  proliferated  neuroglia-tissue.  When 
systemic  degeneration  occurs  it  is  usually  in  the  crossed  pyramidal 
tracts  that  it  commences.  The  characteristic  rhythmical  tremors  upon 
intentional  movements  have  been  conjectured  to  lie  due  to  the  absence 
of  the  myelin-slieath,  so  that  voluntary  impulses  are  not  insulated  in 
their  passage  along  the  pyramidal  tract. 
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Syphilitic  disease  of  vessels  may  produce  single  or  multiple  patches 
of  softening  with  secondary  sclerosis  ;  but  should  these  foci  of  disease 
be  situated  in  the  course  of  projection-systems  secondary  degeneration 
invariably  results. 

Cerebral  Aneurysm. — The  causes  of  aneurysm  of  the  cerebral  arte- 
ries are  the  same  as  of  aneurysm  elsewhere — viz.,  syphilitic  arteritis  and 
atheroma,  but  besides  them  an  even  more  important  apparent  factor  is 
infective  embolism.  The  arteries  of  the  base  are  especially  prone  to  be 
affected,  and  the  size  of  the  aneurysm  may  vary  from  a  pea  to  that  of 
a  pigeon's  egg.  The  arteries  of  the  left  side  are  more  often  affected 
than  the  right,  the  carotid  system  more  often  than  the  vertebral. 
Rupture  occurs  in  rather  more  than  one-half  of  the  cases ;  the  blood 
most  frequently  escapes  into  the  membranes  at  the  base  of  the  brain, 
sometimes  into  the  brain-substance  or  the  ventricle  (Fig.  315). 

SYPHILITIC  DISEASE  OF  THE  CENTRAL   NERVOUS 

SYSTEM. 

Syphilis  is  one  of  the  most  important  factors  in  the  production  of 
disease  of  the  nervous  system.  The  virus  appears  to  act  in  two  ways  : 
(1)  directly  upon  the  bloodvessels,  membranes,  and  connective  tissues  gen- 
erally, with  secondary  destructive  changes  in  the  nervous  tissue — a  true 
specific  inflammation ;  (2)  by  a  toxic  influence  upon  the  vitality  and  du- 
rability of  the  neurons  themselves,  producing  systemic  degenerative 
changes,  of  which  tabes  dorsal is  and  general  paralysis  are  by  far  the  most 
common  and  important,  although  many  cases  of  epilepsy,  idiocy,  and 
imbecility  are  undoubtedly  due  to  the  syphilitic  poison.  These  are 
spoken  of  frequently  as  parasyphilitic  affections  (Foumier),  and  art* 
treated  of  elsewhere.  A  frequent  result  of  the  disease  is  an  inflamma- 
tion of  the  arteries,  especially  about  the  base.  The  s|>ecitie  inflammation 
causes  occlusion,  either  directly  by  the  endarteritis  produced,  or  more 
often  by  secondary  thrombosis.  Another  very  common  result  of  syphilis 
is  a  local  or  general  inflammation  of  the  membranes  (gummatous  menin- 
gitis), and  the  formation  of  neoplastic  dc|>osits  (syphilomata)  on  the 
surface  or  in  the  substance  of  the  brain.  The  meningitis,  in  severe  cases, 
extend**  usually  to  the  whole  cerebrospinal  axis.  Each  of  these  cerebral 
forms  of  this  disease  may  produce  most  varied  symptoms.  Partial  or  com- 
plete* occlusion  of  the  vessels  may  cut  off  the  blood-supply  from  various 
portions  of  the  brain,  causing  softening  (p.  5(>(>)  and  loss  of  function 
(if  there  is  complete  occlusion),  and  disturbance*  of  function,  temporary 
or  permanent,  according  as  then*  is  compensatory  supply  of  blood  to 
the  jwirt  by  other  vessels  or  not. 

Disease  of  the  arteries  may  exist  alone  without  any  symptoms 
of  cerebral  irritation  or  increased  intracranial  pressure — conditions  which 
are  met  with  respectively  in  the  next  two  varieties.  When  the  mem- 
branes are  affected  by  the  inflammatory  process  the  vessels  an*  generally 
also  affected,  but  not  necessarily,  so  that  we  may  have  a  combination 
of  the  effects  of  cerebral  softening  and  vascular  occlusion  with  cortical 
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irritation  or  crania  I -nerve  paralysis  from  gummatous  meningitis.    TV 
writaHon-pkenomma  an  pain  in  the  lira-/,  teorte  at  »!;/!>'. 

roiii'tuty    ami    onirnlfl'iiiK.   ami    Other    irritative    -viiipt-.m-,    iiceonlhq; 

to  tin-  situation  nf  ilie  lesion.     Owing  to  the  frequency   ■■■■■ 
the  ftaie  of  the  brain  is  affected,  paralgtU  0/  'fir  ermtial 

.Hie   of  the    NiL-l    <'<n«mi< ki    (vaults,   a    partial    i>r   complete    puralv-W 

the   motor  oonli   berny   present    in   a   majority  <<t'  tin 

syphilis. 

Pre,  MIl 


Syphilitic  disease  of  the  nervous  system  may  manifi  -■ 
time  l'n>ni  three  months  after  infection  In  ttmitg-fitt  or  even  more  ymn. 
It  was  formerly  believed  that  syphilitic.  brain-dUram  was  eeanihalfri 
tertiary  lesion,  but  recent  careful  1>  recorded  .-taiisties  .In*  llitt 
occurs  with  greaieni  frequency  in  lh>  Jirst  "<-  amend  year  after  mfr*«. 
and  lluit  the  fretjucnc.y  diminishes  \iitli  each  -nccesain  rear,  TV 
determining  causes  of  cerebral  syphilis  ma)  be  blows  on  ihf  b**l 
exposure  to  tlie  sun,  mental  ■  ■\citemciit,  excesses  "  in  Baeehn  et  Venn*, 
chronic  lead-poisoning,  and  lark  or  insufficiency  of  treatment.  Bnis- 
disease  may  also  arise  In  congenital  syphilis. 

Morbid    Anatomy. — The   virus  of  syphilis  affects    tin 

structures  of  the   brain,   and   produces  a   ra f-oefl  iit&tration  ij  & 

membrane*,  which  may  form  a  superficial  colloidal  or  gelatinous  \sxet, 
or  ii  deposil  in  the  form  of  a  iioth  or  nodule,  or  muttiplt  nodmw  mdtJm; 
and  this  mniid-ecll  infiltration  may  extern  I  fmm  the  Mirfaee  intotW 
substance  of  the  brain  alony  the  i-ourse  of  the  vessel*  i 
fissures,  filling  them  with  a  (fttmmy  mux*  (  Pig.  325).  It  »  prolaM* 
as   Wilks   pointed  out,  that  gnininata   do    nol    begin   primarily  ia  1st 


SYPHILIS   OF   THE   CKSTRAL    .XKJi  VOL'S  SVSTKM. 


565 


>iili-taiiee  of  the  brain,  lint  are  extensions  of  the  neoplastic  formation 
from  the  sur&ce  alone  the  vessel-.  The  men il .nines  thus  affected 
appear  thickened  locally  or  generally,  the  condition  depending  upon 
the  age  of  the  process.  If  it  is  of  recent  origin,  the  inflammatory 
ilcjxisit  may  be  soft  and  gelatinous,  or  grayish-red,  or  of  a  yellowish 
i-i.Lr;  if  of  -nine  -landing,  the  inflammatory  process  may  have  ROM 
on  to  the  formation  of  sear-tissue.  Should  the  granulation-tissue  form 
I  tumor  on  the  surface  or  in  the  substance  of  the  Wain,  a  gumma  a- dis- 
tinguished from  superficial  gummatous  meningitis  occurs.  Gnnnnatom 
tumors  ma;  vary  in  size  from  a  cherry-stone  to  a  pigeon's  egg  (p.  389). 
Gtvmmata  are  particularly  common  about  the  base  of  the  brain,  in 
the  neighborhood  of  the  optic  chiasnia  ;  but  they  may  occur  in  any  part, 
even  involve  the  dura  mater  and  erotic  the  skull,  projecting 
through  externally. 

Fig.  326. 


Xahil-ftji'  AjijM-tii-ttiit'r  tij  flu'  Artcriex. — They  present  little  grayish- 
white  nodules  on  one  side  usually,  so  that,  when  cut  across  trans vcrscly, 
the  nodules  present  a  half-moon  appearance.  The  vessels  themselves 
feel  stiff  and  cartilaginous  heiwcen  the  lingers,  and  will  not  collapse  on 
[1111111111 1  When  there  is  universal  arteritis,  the  vessels,  small  as  well 
large,  appear  opaque,  dirty  white  in  color,  and  their  walls  thickened, 
s<>  thai  they  can  be  cut  easily  transversely,  owing  to  the  resistance  they 
offer.  The  vessels  aliont  the  base  arc  jmrtieularly  liable  to  this  inflam- 
liange  ;  possibly  it  is  due  to  the  cerebrospinal  fluid  which  exists 
there  in  abundance,  and  which    possibly  contains  the  toxin  (Fig.  326). 


PATHOLOaY   OF   THE  SKRVOVH   SYSTEM 


Tin. 


. 


Mteroioopioal  Appearancea, — Syphilitic  arteritis  (p.  '•-'-;  hi 
teri/cd  by  proliferation  of  tin-  subendothclial  cells,      It  genemllj 
one  side  of  tin-  vessel,  hut  it  may  affect  the  whole  of  tin   tntii 
ndartcritis  is  frequently  associated  with  :i  pcri-artcritis.      'flu 
i  tliirkcm.il,  owing  to  h  development  nf  ttpindlrrnhapad     ■ 
cells.     According  to  Beubner,  these  do  nol  undergo  oaseona  begens> 
ticm,  and  lie  distinguishes   it   thus  from  atheroma.     Then-  U  srtiallv 
nothing  specific  in  the  process,  but  it  is  strong  pramnj 
ayphflu  whan  one  finds  h    thickening  of  the  uitina  which  In*  tw 
undergone  caseation.     When  the  arteritis  is  very  acute  a  new  forou- 
tion  < >t"  capillaries  in  the  intima  may  take  pfaut. 

Thrombi  is  is  of  the  diseased  vessel  is  frequent  :    Mibseq 
tioii  of  tile  clot  may  occur,    anil    eventually  tile  diseased  vessel  nui  ll 

converted  into  a  fibrous  cord. 

Vascular  rupture  is  rare,  so  also  is  the  Ibrmatiua 
The  important  clinical   result  of  endarteritk  syphilitica   i 
softening.     The  arteries  lying  in  the  S3  Ivian  neanreare  moat  I 

diseased  ;    so  syphilitic  softening  .if  the  brain   i-  minim  it c  in   ',.■    ■ 

supplied  by  the  middle  cerebral  arteries  than  elsewhere 


CEREBRAL  SOFTENING. 

Thrombosis  and  embolism  are  the  most  common  011—  of  cental 
softening. 

Softening  from  Thrombosis. — This  i>  wmmonlj  the  n-nlt  of  suVp" 
matous,    calcareous,   or   syphilitic    changes     in     the    cerebral  artarin 
(p.  462).     As  n  result  of  the  interference  with  the  supply  1 
the  cerebral  sulwtanoe  undergoes  a  more  or  lei*  rapid  prooi 
(p.  SI).     (Kig.  327.) 

Thrombosis  may  also  occur  in  the  cerebral  sinuses  and  «i» 
Thrombosis  of  a  sinus  may  I"'  primary  (marasmic,  p.  21 1),  »r  it  rov 
be  secondary  either  to  (I)  disease  of  some  adjacent  part,  such  an  of  tht 
bone  in  in  flam  mat  1011  of  the  middle  ear  ;  'or  (2)  to  extension  tf  I 
thrombus  along  a  vein — as  in  the  case  of  the  orbit — from  an  inflwisJ 
part  to  the  sinus  into  wlneli  it  opens.  The  result  i.~  great  i 
of  all  veins  opening  in!"  the  -inns,  •iilema  of  the  HTM 
draw  their  blood,  minute  hemorrhages,  especially  in  the  vascular 
cortex,  and  softening  from  impaired  nutrition  (  f  i 

Softening  from  Embolism.      The  softening    rc-idtin- 
i-,  tor  the   most    part,  cntircrt  dependent  upon    the   obstruction  to  U> 
circulation  caused  by  the  emlxilus  and  by  the  resulting  thrt 
is  rapidly  indued,  and  is  often  at  tendril  by  the  rxtrivasatm 

in  ils  neigblKirbiHsl,  when  it  constitute!*  one  for f    " 

If  the   interference   with    the   circulation    lw    slight,    nod    the* 
xtra  vacation  of  blood,  the  softeneil   (tortious  are  white  in  color.     TW 
essel  most  frequently  blocked    is    the   middle  cerebral   artery  :  and  <n 
the  majority  of  eases  it  is  that  of  the  left  side.      In  almost  all  c 


■ 
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fhich  softening  of  the  cerebral  substance  results  from  embolism  it  is 
ue  t"  arrest  of  the  embolus  in  one  of  the  vessels  l-ft/miil  tlie  circle  of 
V'illis,  because  here  the  circulation  cannot  lie  readily  restored  by  the 
nlhiterul  vessels.  Softening,  however,  (lues  not  necessarily  follow  the 
looking  of  a  cortical  artery,  tor  communication  between  these  branches 
1  freer  than  is  often  supposed  (Kg.  328). 

It  is  a  matter  of  considerable  importance  whether  the  detached 
ragment  wliieli  gives  rise  to  embolism  carries  infective  organisms, 
f  it  does,  not  only  is  the  vessel  blocked  by  the  embolus,  bol  an 
nfective   inflammation  of  tlie  arterial    wall    at    the  seal  of  obstruction 


boots,  with  softening  of  the  coats  and  formation  of  an  aneurism,  which 
may  subsequently  burst ;  so  that  a  patient  suffering  from  ulcerative 


■itdoca  relit  is  may  die  from   hemorrhage  i 
if  a  cerebral  artery. 


(short  time  after  embolism 


Morbid  Anatomy. — The  results  of  embolism  and  thrombus 
■ntially  the  same — the  arterial   blood-supply  is  cut  off,  and  there  is 
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wmia  trf  the  area  supplied  by  the  artery.     For  the  tir-t  l  . 
In.iifs  then  n  only  :i  slight  obonge  in  the  appearance  ami  eon  i 


Ih«  right  skIp  ;  MVMbM 

Eighteen  monlln  liter  hurl  iliiht  hemlplrcla,,  woi 

nt'M  ;  owing  pMlMbtJ  Iihii]1.[,t«]  eiri'iil»tl< 

ee»ti»l  i TttoUoM  In  imi  dritrt>r*d,  Ihrrt 

internal  cuptul-.     (F.  Kutten.i 


I  hvHil|i1rcU  •».  due  I 


the  part,  although  the  neurons  may  show  mieroacopieally  well-n 
hutochamiod  changes.     The  afleetol  am  fan  general!?  ■  put  iff* 
ainv  ;  sometimes  the  capillaries  may  become  distended  by  a  batkn 
flow  of  Mood   from    tin-  veins,  and,  giving  way,  produce  small  I 
rhnges  in tn  die  perivascular  lymphatics.     Later  on   la 
down  and   softens,  owing  to  imbibition  <'i'  cerebrospinal  mnrl  - 
fluids   I iy  the  ilead   tissues.      When  very  little  blood  returns  from  tl 


F:o.  329. 
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vein*  to  die  capillaries  the  arw  of  toftening  remains  vhitr ;  itUrW 
when  lilo.«l  dm*  return  front  tire  veins  especially  when  the  walla  of  the 
capillaries  give  way,  allowing  the  red  nirpuacles  to  escape. 
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Since  the  gray  matter  is  far  more  vascular  than  the  white,  ml  xoffen- 
ing  is  generally  seen  in  the  oortex  ami  basal  gBOglia.  Yellow  aoflening 
is  merely  a  later  stage  of  the  red,  owing  to  alterations  in  the  blood- 
pigment. 

Microscopically,  the  softened  mass  consists  of  rnyelin-drops,  swollen 
and  degenerated  nerve- til  ires,  altered  nerve-cells,  and  granular  corpuscles 
of  Gluge  with  free  tat-granules.  These  granular  corpuscles,  which  may 
measure  as  ranch  as  :10  ;i  in  diameter,  are  leucocytes  distended  with  fatty 
debris.      If  the  circulation   be   re-e-tabli.-hed  within  a  short  time,  the 


Milmry  Tijilit):  'lissectiiiif  (left),     x  10,    (After 


nervous  structures  do  not  necessarily  die  ;  but  regeneration  is  impossible 
it  iH'iTusis  has  commenced.  Resorption  of  the  dead  tissue  is  gradually 
brought  about,  with  eventual  formation  erf  a  ri/nt.  If  the  area  is  small, 
a  ki;:,-  (.f  fibrous  tissue  may  W  the  sole  indication  of  the  destruction  that 
has  taken  place.  The  convolutions  of  the  cortex  may  sometimes  be  seen 
atrophied  and  sclerotic,  especially  in  senile  atheroma  j  and  on  tearing  oil' 
the  thickened  pin-arachnoid  they  present  little  erosions  of  a  rusty  yellow 
color.  Sometimes  portions  of  the  convolutions,  or  even  a  whole  lobe, 
may  have  entirely  disappeared,  and  the  space  be  occupied  by  a  serous 
fluid  enclosed  by  the  thickened  pia-araebnoid  membrane. 

CEREBRAL    HEMORRHAGE. 

Cerebral  hemorrhage  is"  the  most  frequent  cause  of  hemiplegia  in 
subjects  who  have  passed  forty  ;  and,  according  to  Gowers,  it  seldom 
■  H-eurs  under  that  age,  unless  Kright's  disease  or  aneurism  exists;  the 
latter  produced  by  infective  emlwlism,  and  subsequent  infective  inflam- 
mation of  the  walls  of  the  artery,  which  may  eveutually  lead  to 
its  rupture.  The  association  of  granular  contracted  kidney  with 
apoplexy  has  long  been  recognised.  Charcot  showed  that  in  most  cases 
of  hemorrhage  minute  miliary  aneurisms,  varying  in  size  from  -j-J-j  in,  to 
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•X  in.,  existed  on  the  small  vessels  entering  the  substance  of  the  brain ; 
they  are  round  or  spindle-shaped,  and  are  caused  by  degenerative  change* 
in  the  intima,  associated  with  degenerative  changes  and  atrophy  of  tlie 
media.  Miliary  aneurisms  are  found  with  relative  frequency  in  those 
regions  where  hemorrhage  is  most  generally  met  with.  There  is,  how- 
ever, one  artery  in  particular,  the  left   lenticu  lost  Hate  artery,  which 


cum.'  or  1'hrmiic  Bright'*  disease  with  miliary  umiimu, 
\t  uwier  pun  <>t  lbi>  poiu,  giving  rlu  during  Ilfr  to  «ll*r- 
r  |*rt  (n),  npi-i-r  part  |h),  ii  seen  cut  trainverKlr  to  ibow 


is  especially  liable  to  disease  and  rupture,  and  which  has  therefore  been 
called  "  t  lie  artery  of  hemorrhage"  (Fig. '132).  In  Bright's  disease  there 
is  high  arterial  Hiisii.n,  due  to  hypertropliy  of  the  left  ventricle  and 
increased  nvriphern]  resistance  (p.  MOJ,  Patients  suffering  from  this 
malady  are  thus  frequently  the  subjects  of  cerebral  hemorrhage.  The 
small  arteries  which  supply  the  basal  ganglia  come  off  directly  at  right 
angles  from  the  large  arteries  at  the  lwise  of  the  brain — they  are  tenni- 
nal  arteries,  and,  like  all  the  intracerebral  vessels,  they  are  not  sup- 
ported  by  the  substance  of  the   brain,  being  surrounded    by  a  peri* 
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Other  conditions  which  predispose  to  cerebral  hemorrhage  are  plunib- 
ism,  alcoholism,  syphilis,  and  inherited  tendency  to  arterial  disease.  It 
may  occur  also  in  tumors.  In  children  meningeal  hemorrhage  may  occur, 
and  a  frequent  cause  of  birth  palsies  is  rupture  of  a  vessel  (usually  a 
vein)  during  parturition.  Subpial,  subarachnoid,  and  subdural  hem- 
orrhage is  frequently  seen  in  general  paralysis  and  senile  dementia. 
Cerebral  or  meningeal  hemorrhage  may  occur  in  various  blood-diseases. 
Primary  ventricular  hemorrhage  occurs  in  rare  instances  from  rupture 
of  a  vessel  of  the  choroid  plexus  or  velum  interpositum. 

The  effects  produced  by  hemorrhage  depend  upon  its  situation  and 
size ;  the  most  frequent  seat  is  the  anterior  part  of  the  opto-striate  mass 
in  the  external  capsule ;  but  when  paralysis  occurs,  as  it  usually  does, 
the  cause  is  damage  of  the  pyramidal  fibres  of  the  hinder  limb  of  the 
internal  capsule.  If  the  lesion  be  not  severe  enough  to  cause  death, 
various  changes  occur  in  the  effused  blood  and  damaged  nerve-tis- 
sues. For  the  first  few  days  the  clot  fills  the  whole  cavity,  and  does 
not  undergo  shrinking ;  then  a  fatty  degeneration  takes  place,  with  ab- 
sorption of  the  products.  In  recent  cases  the  effused  blood  is  dark  in 
color,  generally  clotted,  and  often  mingled  with  lacerated  brain-substance. 
As  changes  take  place  in  the  blood  the  color  alters  first  to  a  chocolate- 
brown  and  later  to  a  brownish-yellow.  The  hemorrhage  is  usually  single, 
but  when  small  there  may  be  more  than  one ;  sometimes  evidence  of  a 
previous  hemorrhage  is  found  in  another  region,  in  the  form  of  a  cyst 
with  orange-yellow  staining  of  the  walls  and  adjacent  brain-substance ; 
or  there  may  be  a  scar  of  connective  tissue. 

In  severe  cases  of  hemorrhage  causing  death,  irruption  of  blood 
may  not  only  take  place  into  the  lateral  ventricle  of  the  same  side,  but 
also  through  the  foramen  of  Munro  into  the  opposite  lateral  ventricle. 
Occasionally,  it  may  find  its  way  from  the  third  ventricle  through  the 
aqueduct  of  Sylvius  into  the  fourth  ventricle ;  and  in  rare  cases,  thence 
through  the  foramen  of  Magendie  into  the  subarachnoid  sjmce. 

Microscopical  examination  reveals  blood  and  degenerated  nervous 
tissue,  fibres  with  their  myelin-sheath  breaking  up,  granulation  cor- 
puscles, degenerated  cells,  and  phagocytes  containing  products  of  degen- 
eration. If  the  hemorrhage  is  more  than  a  few  weeks  old,  hicmatoidin- 
crystals  will  be  found. 

SECONDARY  SYSTEMIC  DEGENERATIONS. 

As  a  result  of  destruction  of  brain-substance,  secondary  degenera- 
tions arise,  the  most  characteristic  of  which  is  the  secondary  descendtaf 
degeneration  arising  from  destruction  of  the  pyramidal  cells  of  the  motor 
area,  or  of  their  fibres  in  the  anterior  two-thirds  of  the  posterior  half 
of  the  internal  capsule,  such  as  occurs  in  cerebral  hemorrhage.  A  similar 
degeneration  may  arise  as  a  result  of  softening  due  to  embolism  or 
thrombosis  of  the  middle  cerebral  artery  or  its  branches ;  by  meningeal 
hemorrhage  and  tumors,  or,  in  fact,  by  any  lesion  which  causes  destruc- 
tion of  the  pyramidal  cells  of  the  cortex  of  the  central  convolution^  or 
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which  cuts  off  the  connection  of  the  nerve-fibres  from  (he  cells  of  which 
they  are  the  outgrowths  (Fig.  332). 

As  a  rule,  cerebral  legions  leading  to  secondary  degenerations  are 
unilateral,  and  spinal  are  bilateral.  In  the  former,  only  one  set  of 
pyramidal  fibres  is  degenerated  in  the  spinal  cord — viz.,  those  proceed- 
ing from  one  hemisphere  by  the  iuternal  capsule,  the  middle  portion  of 


Diagram  to  Illustrate  the 


voluntary  movemenl 


the  cms  cerebri,  the  pons  and  the  medulla,  where  the  greater  number 
decussate  in  the  anterior  pyramid  to  form  the  crossed  pyramidal  tract 
of  the  opposite  side ;  some  (about  one-tenth)  pass  in  the  direct  tract 
down  the  cord,  decussating  at  lower  levels. 

Secondary  degenerations  arising  from  lesions  of  the  spinal  cord  are, 
in  nearly  all  cases,  bilateral,  and  affect  not  only  the  descending  tracts, 
which  have  their  centres  of  nutrition  in  the  cortex  cerebri,  but  also  the 
ascending  tracts,  which  have  their  centres  of  nutrition  in  the  posterior 
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spinal  ganglia  mid  gray  matter  of  the  eord      The 
descending  iji-iudiiI  fitirr*,  which    unite   the  drflereot    sagfBGBtl 

cru»,  [wins,  medulla,  and  eord  toprtlHT  in 
Ft*,  tei  co-ordinate  reflex  action,  degenenlt  l».tli 

above  and  below  the  lesion  for  ■  with 
distance;  and,  besides,  there  an  twotak 
in  the  posterior  column,  which 
downward  in  transverse-  leakmaoftheeiid 
in  the  dorsal  region  ;  they  amttrucd^ia 
spectively,  ilio  oommtx-t/utptd 
the  median  taaiarta  ••/  FhMg. 

The  ascending  degeneration!  BOM  un- 
der two  elnnoco, 

(1)  h,  ih-  pMto-isr  Cbfcww.  Bhrti 
medium,  and  long  ooursing  fibna,htn| 
their  origin  in  the  central  portaanoTlh 
T-shaped  process  of  the  poatflriw  qU 
ganghon^ceua, 

The  short  Sbreetorni  l.i-sauerV  tran, 
ai  the  base  of  the  posterior  bora;  th' 
medium  fibres  outer  the  posteco-exumi 
column,  and,  after  ■  short  course,  innf- 
pear  in  the  gray  matter ;  and 
fibres,  after  entering  the  posterior  oatDBa, 
are  directed  backward  and  b 
median  line  to  form  the  paste 
(Moll's)  column.    Secondary  dV 
limited  to  the  posterior  coltun 
;i  root-lesion,  such  as  From  bmorofw 

Inlo  the  Internal  tupsule.    Tlie  .11  callda  equina,  or  illjlirv  of  poslcrieT  '|H"«I 

reel  tmrl  I-   well    marked   uu.l  I-  .        ,i.       m>*i      j      " 

qnnM  ..  .  lower  Iml  <h...  II  *""'-  '  ^  «■  8M  >■ 

li  usually  Been.  (2)    /»      W<     Aiit'io/'i'-r-il     ■ 

There  are  three  sett  of  fibre-  i 
pying  the  periphery.  They  nil  arise  from  cells  in  the  gray  n 
One  tract,  consisting  of  large  fibres  derived  from  the  evil-  of  Chrl 
column,  is  termed  ihe  <li,-,H  •>•■  dorsal  cerebellar  tract  Anoihwi  I 
sisting  of  two  sets  of  fibres,  in  all  probability  arising  firoi 
gray  matter  of  tlte  opposite  horns,  i In ■  decussation  taking  plan  hi 
anterior  commissure,  hits  several  nttmw — via.,  Cowers1 
lateral  tract,  aud  ventral  vercbetlar  tract,  because  most  of  the  Bbmtl 
be  traced  by  n  curious  course  to  the  middle  lobe  of  the  wiebdns 
The  lew  numerous  fibres  enter  into  the  fillet,  and  probablj  cndotll 
corpora  (itiadrigeniina. 

At  one  time  it  was  thought    that  ;ill  sensory  impldses,  except  '' 

if  the   musciitai'   «ense,  decussated    immediatel)'  on  reaching  lot  I 
and    this   view    was   held  because   in    must    cases  of  hcraUeskai   l" 

phial  cord  a  gn.tip  of  symptoms  occurs  termed  Hrotm-J> 
m,  which  briefly  is  hi/jteraMettiti  ,,„<!  f^tiidygut  on  ihr  mat  aj'Hiett 
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and  ancesthatia  on  the  xide  opposite  to  it.  Latterly  Brown-Sequard  gave 
up  the  theory  of  immediate  decussation  of  sensory  impulses,  but  main- 
tained justly  that  as  a  means  of  diagnosis  the  Brown-Sequard  phenome- 


na ascending  tracts  of  degeneration  in  the  cervical  enlargement  alter  experimental  hemiwc- 
tlon  of  the  spinal  cord  In  the  mid-dorsal  region.  The  section  shows  well-marked  degenera- 
tion of  ( (oil's  column,  of  the  direct  cerebellar  tract  and  of  the  anterolateral  tracts  on  the 
aame  aide  u  the  lesion. 

noii  was  most  valuable.  Hemisection  of  thc^pina]  eord  in  monkeys 
and  other  animals  is  followed  by  ]wralysis  on  "the  side  of  the  lesion,  but 
most  recent  observers  have  been  unable  to  find  cither  hyperesthesia  of 
the  same  side  or  niuesthesia  of  the  opposide  side  (Fig.  335). 


hotogreph  "f  a  local  gummatous  syphilitic  moiiliigllU  w 
ever,  mutt  be  distinguished  from  the  mehliigoinycll 
frequently  In  the  late  secondary  stage  of  syphilis  which 
the  thick-walled  vessels.  The  patient  was  a  young  w. 
turns  which  somewhat  resembled  disseminated  sclcwsl 
was  found  that  she  hud  multiple  syphilitic  lesions  of  II. 


caused  paraplegia.  This,  how- 
ilescribcil  by  Erii  as  occurring 
it  of  a  gummatous  nature.  Note 
11  who  died  with  obscure  syrnu- 
luhial  type.    IVist-mortem  it 


■    1». 


The  common  causes  of  ascending  anil  descending  secontlary  degen- 
erations of  the  spinal  eord  an1  focal  lesions  produeetl  by  fracture  or 
dislocation  t>f  the  lames  (Fig.  .!37),  paehv meningitis  in  Putt's  dis- 
ease, meningitis,  and  tumors,  all  of  which  cause  a  focal  trannrerge 
Mt/tfiti*  (Fig.  33ii). 
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Flu.  337. 


. 
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A  w>ilr«  „f  BMtJOM  of  the  urinal  cotd     Drawn  to  *o«lf  from  ran 
([I  i  [[»n«»er»e  Inlnn,  ilii"  to  fractured  aplne.     In  Uu  inr-mir  I 
In  the  piogptimis  IracU  of  the  poiterlor  rolouini 
Mffiicllug  degeneration  ii.iit  mid  deawndtng  btlowtn*  Irclon. 
imuli:  tj  A.  F.  TrvdgoM,  Path.  Lull.  London  i ly  A.jlum*. 


DEtiBSHRATIOS  OF  AFFERENT  TRACTS. 


PRIMARY  SYSTEMIC  DEGENERATIONS. 

Primary  systemic  degenerations  may  affect  either  the  afferent,  sen- 
taaey  pallia  or  the  efferent  motor  paths,  and  not  infrequently  the  two 
oombmod. 

I.  DEGENERATION  OF  AFFERENT  TRACTS. 

Locomotor  Ataxy,  or  Tabes  Dorsalis. 

Tabes  dorsalis  is  a  primary  progressive  degeneration  of  tlie  first 
afferent  (sensory)  projection  systems  of  neurons,  by  which  jRTiplier.il 
sensations  are  cut  off  from  various  parte 
of  the  central  nervous  system  ;  the  com- 
monest and  most  obvious  uimtoinietil 
i-hmiyr  In-'nuj  iliijeuiraHou  of  the  posterior 
Hpinat  root*  inut  tlt>-  pOMterinr  rofiiiiuix  <>/ 
the  xji'untl  eonl.  The  clinical  phenomena 
characteristic  of  this  disease  depend  upon 
the  systems  of  neurons  which  are  under- 
going degeneration,  and  on  the  extant, 
as  well  as  on  the  rapidity,  of  the  process. 

Morbid  Anatomy. — The  pia-arach- 
ooid  is  thickened  over  the  posterior  sur- 
face of  the  cord,  which  is  flattened,  and 
presents  a  grayish  or  grayish-red  aspect; 
moreover,  the  posterior  roots  arc  thin, 
Battened,  and  atrophied,  although  the 
degree  of  wasting  is  not  necessarily  nni- 
fiirin  ;  they  also  present  a  gray  appearance 
like  the  posterior  surface  of  the  cord. 
The  cord,  cut  transversely,  Bhowa  degen- 
eration  limited  to  the  posterior  columns, 
which  are  considerably  shrunken,  and 
af  a  grayish  or  grayish-red  color,  oon- 
tneting  strongly  with  the  white  antero- 
lateral columns.  This  degeneration  is 
usually  much  more  obvious  and  advanced 
m  the  hunbo-aacral  region  ;  likewise  the 
posterior  mote  entering  in  the  formation 
of  the  cauda  equina  are,  as  a  rule,  atro- 
pbied  to  a  greater  degree  than  elsewhere. 

The  degenerative  process  is  not  limited 
to  the  afferent  spinal  projection-systems  ;         *,■* 
Various  cranial   nerves   may  !>e  degener-        "» 
ated,  and  especially  characteristic  is  gray 
atrophy   of   the  optic  nerve.      The    peripheral 
exhibit  degenerative  changes. 
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The  degeneration  of  the  posterior  columns  of  the  spinal  cord  is  a  sys- 
tern-degeneration  of  exogenous l  origin  precisely  similar  in  anatomicid  dis- 
tribution to  that  produced  by  section  of  tlte  posterior  roots  ;  or,  in  the  case 
of  the  lumbosacral  region,  to  that  produced  by  a  tumor  of  the  roots 
of  the  cauda  equina.  The  fibres  of  the  posterior  columns  are  derived 
from  two  sources :  (1)  Exogenous  central  projections  of  the  T-shaped 
processes  of  the  nerve-cells  of  the  posterior  spinal  ganglia ;  (2)  endo- 
genous projections  from  cells  of  the  gray  matter  of  the  cord  :  the  former 
are  degenerated  in  tabes,  the  latter  are  not ;  consequently  in  the  lower 
lumbar  region  of  the  cord  a  small  oval  area  of  undegenerated  fibres 
may  be  seen,  even  in  advanced  tabes,  occupying  the  median  portion  of 
the  posterior  column,  also  a  tract  of  fibres,  the  comu  commissural  (Fig. 
337).  Now,  it  is  impossible  to  conceive  that  vascular  changes,  or  im- 
paired nutrition  owing  to  an  insufficient  supply  of  blood,  could  produce 
in  such  a  small  area  as  the  posterior  columns  of  the  spinal  cord  a 
degeneration  of  the  fibres  of  exogenous  origin,  sparing  those  of  endo- 
genous origin  and  the  adjacent  fibres  of  the  lateral  column.  Neither 
can  we  believe  that  the  overgrowth  of  neuroglia-tissue  at  the  expense 
of  the  noble  elements  is  anything  more  than  secondary  and  proportional 
to  the  parenchymatous  degeneration. 

A  poison  long  present  in  the  system  can  so  lower  the  vitality  of  the 
cells  of  the  body  as  to  induce  premature  decay.  In  a  majority  of  the 
cases  of  tabes  there  is  a  history  of  syphilis ;  it  is  probable  that  this 
toxin  produces  the  decay  of  the  posterior  spinal  neurons. 

The  changes  in  the  cord  are  usually  more  or  less  symmetrical ;  but 
the  posterior  roots  are  not  always  equally  affected,  and  the  localization 
and  extent  of  the  spinal  degeneration  will  vary  accordingly  (Fig.  340). 
As  a  rule  the  lumbar  roots  are  first  affected ;  but  in  rare  cases  the  mis- 
chief may  begin  in  the  cervical  region  and  leave  the  lumbosacral  intact. 
Such  cases  are  termed  "arm  tabes."  Visual  defects  and  blindness  are 
not  at  all  uncommon,  due  to  a  gray  degeneration  of  the  optic  nerve. 
The  cranial  nerves  and  their  nuclei  may  also  be  affected. 

Certain  tracts  in  the  posterior  column  degenerate  earlier  than  others. 
Charcot's  root-zone  is  very  early  the  seat  of  degeneration.  The  fibres 
of  GoWs  column  are  nearly  always  degenerated.  The  zones  of  Li*- 
xaiter — the  fine  fibres  which  form  a  cap  to  the  extremity  of  the  posterior 
horn,  extending  a  short  distance  along  the  external  and  internal  borders 
of  it — degenerate  and  disappear  in  the  early  stages  of  tabes.  Another 
situation  in  which  early  degeneration  is  said  to  occur  is  the  terminal 
arborization  of  the  root-fibres  around  the  cells  of  Clarke's  column. 
Certain  groups  of  fibres  enjoy  a  particular  immunity,  and  can  be  seen 
intact  when  all  the  rest  of  the  ]>osterior  column  is  sclerosed  :  (a)  the 
median  oval  area  of  Flechsig ;  (b)  cornu  commissural  bundle  ;  (c)  the 
posterior  internal  triangle  ;  but  this  group  does  not  offer  the  same  resist- 
ance as  the  other  two,  which  are  certainly  of  endogenous  origin.  The 
situations  of  the  degenerations  are  indicated  in  Figs.  337, 338,  and  339. 

1  Nerve-fibres  in  the  spinal  cord  are  said  to  be  exogenoug  when  they  viae  from 
ganglion-cellH  nituated  outttide  the  cord  (posterior-root  ganglia),  endogetum  when  they 
arise  from  cells  within  the  cord  itoelf. 
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Changes  are  very  often  present  in  the  cutaneous  nerves,  aDd  in 
long-standing  cases  a  portion  of  the  muscular  nerves  is  sclerosed. 
In  cases  exhibiting  bone  disease  the  nerves  supplying  the  bone  have 
been  found  degenerated,  and,  in  the  neighborhood  of  a  perforating 
ulcer  and  similar  trouhic  disturbances,  extensive  degeneration  of  the 


Photomicrograph  of  nectlon 


nerves  has  been  observed.  The  degeneration  of  the  nerves  is  niore 
marked  at  the  periphery,  and  the  nearer  to  the  cord  the  point  at  which 
the  nerve  is  examined,  the  fewer  degenerated  fibres  are  there  found. 
Slight  changes  in  the  cerebral  cortex  have  been  descril>ed,  correspond- 
ing to  those  of  general  paralysis,  but  less  in  degree. 

The  Nature  of  tae  Degeneration. — Microscopical  examination  of  the 
spinal  cord  shows  the  myelin-sheath  of  the  nerve-fibres  diminished  or 
destroyed  ;  the  axis-cylinder-process  may  be  swollen  in  one  place, 
attenuated  in  another,  and  generally  irregular  in  thickness  or  completely 
atrophied  ;  the  neuroglia  is  increased  at  the  exjwn.se  of  the  parenchyma, 
and  there  arc  a  large  number  of  Deiters's  cells  visible.  Nearly  the 
whole  of  the  posterior  columns  in  the  luml>osacral  region  may  be 
destroyed,  leaving  only  the  cornu-commissiiral  and  oval  areas  of  endo- 
genous fibres.  The  vessels  are  often  thickened  in  the  sclerosed  area, 
and  not  elsewhere ;  this  change  is  secondary  to  the  degeneration  and 
not  causal.  The  walls  of  the  arteries  are  often  thickened,  and  there  is 
hyaline  degeneration  of  the  media  ;  sometimes  the  vessels  are  so  much 
thickened  by  this  degenerative  process  as  to  become  almost  obliterated, 
especially  when  the  sclerosis  is  advanced.     The  pia-arachnoid  mem- 
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brane  is  also  thickened,  mid  often  presents  the  appearances  of  chronic 
inflammation.  By  some  authorities  this  meningeal  thickening  ulxiut 
the  entrance  of  the  posterior  roots  has  lieeii  considered  to  have  a  causal 
relation  to  the  atrophy  of  the  fibres  in  the  cord.     That  tabes  is  a  wide- 


'liulunii*rf«riiph  i>r  s.'rtiiin  <if  interior  und  posterior  i 

imall  anterior  root  Willi  innlullntui]  llbri's  mirinnl.  ami  till'  H'lorcwnl  pcderUir  r.»u  10 'it'll 
laiwer  ill  size,  tin  I  almost  ileiiihliil  iif  me<lnllati-<l  lilirc*  :  tlnM-i-  in,  however,  •  ureal  ovit- 
growth  of  fibruiis  ii»»nc  nrouiul  nml  biiuicn  I  tit-  lonsiltuem  ImuitU*.     ;-.  So. 

spread  process  of  degeneration,  primary  in  origin,  mid  not  secondary  t" 
vascular  change  or  meningitis,  is  shown  by  the  fact  that  the  vessels  nf 
the  retina  arc  unaltered,  even  in  advanced  jrniy  atrophy. 

As  a  rule,  changes  in  the  posterior  spinal  ganglion -eel  Is  arc  in  it 
obvious,  but  they  may  lie  shrunken  and  pigmented,  and  exhibit 
chromolvtic  changes  in  advanced  cases. 

Pathology. — Reference  to  the  diagram  (Fig.  333)  will  help  to  ex- 
plain some  of  the  phenomena  of  taint*,  namely,  the  diminution  of  towm 
hi  the  mum-In,,  the  inra-onlimition,  the  nbmtee  of  the  knee-jerk,  the 
iiUurir  </<rit,  Rtnaliery'it  Ki/mpiom,  and  the  ntriott*  liidnrbnneex  of 
tienmttimi. 

The  afferent  system  of  neurons  conveys  sensations  from  the  skin, 
the  muscles,  tendons,  mid  joints,  and  these;  sensations  travel  by  three 
sets  of  fibres:  (1)  tfhart,  forming  the  spinal  reflex  are;  (2)  Mnlimii 
length  fibre.",  which  break  up  into  a  brushwork  around  tlie  cell*  of 
Clarke's  column,  the  axis-cylinder  processes  of  which  form  the  direct 
cerebellar  tract ;  (3)  Long  jihns,  which  fbrni  Goll's  column  and  break 
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(i)i  into  a  terminal  arborization  around  the  cells  of  the  nucleus  gracilis. 
There  are  lims  ilu-r  nervous  circles — spinal  reflex,  cerebellar,  and  cerebral 
— all  of  which,  in  tabes,  are  more  or  leas  interrupted  by  the  degeoera- 
tiou  of  liif  fibres  in  the  posterior  column.  The  true  motor  neuron, 
which  eontmle  tin-  muscle,  is  situated  in  the  anterior  born.  We  know 
that  iu  tabes  this  is  unaffected,  therefore  the  muscle  docs  not  waste  ; 
nor  is  there,  except  in  the  late  stages,  any  paralysis  or  loss  of  strength 
if  voluntary  movement,  hut  inco-nrdination  ami  a  loss  of  tonus.  This 
■*  dus,  like  the  toss  of  myotatic  irritability  anil  the  consequent  absence 
f  die  knee-jerk,  to  the  break  iii  the  reflex  spinal  an-  occasioned  by 
he  degeneration  of  the  spinal  roots  and  of  those  fibres  which  run  for- 
ward  through  the  rool  and  the  base  of  the  posterior  horn,  terminating 
in  an  arborisation  around  the  anterior  horn  cells.  By  this  degenera- 
tion the  motor  neurons  in  tabes  are  deprived  of  the  normal  stimuli 
which  serve  to  maintain  the  reflex  spinal  tonus  and  myotatic  irritability. 
Pot  the  maintenance  of  bodily  equilibrium  in  the  erect  posture 
while  standing  or  during  the  successive  changes  that  occur  in  the  trunk 
mill  limbs  in  progression,  a  proper  adjustment  in  the  contraction  of 
correlative  antagonistic  muscles  i>  necessary.  In  standing  erect  the 
joints  are  lixcd  by  the  tonic  contraction  of  the  antagonistic  muscles  of 
the  lower  limbs.  The  motor  neurons  of  the  anterior  horn  which  preside 
over  the  muscles  are  excited  by  impulses  from  the  periphery.  Unequal 
mid  imperfect  transmission  of  sen, so  rv  impulses  will  lead  to  unequal  and 
imperfect  excitation  of  those  motor  neurons,  and  to  a  corresponding 
unequal  and  imperfect  innervation  of  the  muscles  whereby  """'  WtrmtA 
emmte  i<»>i<%  contraction  is  disturbed  and  lowered.  Seeing  that  in  tabes 
(here  is  :i  progressive  degeneration  of  the  afferent  spinal  neurons,  we 
CAB  easily  understand  that  then'  will  be  a  progressively  lowered  and 
oneqoal  tonus  in  the   muscles. 

Again,  the  degeneration  of  the  tine  plexus  around  the  cells  of 
Clarke's  column,  met  with  early  in  tlic  disease,  i.-  sufficient  to  explain 
the  loss  of  power  of  balancing  the  body  when  the  basis  of  support  is 
narrowed  by  placing  the  feet  together  or  standing  on  one  foot,  even 
though  there  is  no  paresthesia  of  the  soles  of  the  feet.  Reference  to 
Fig.  333  shows  that  atrophy  of  this  tine  plexus  leads  to  interruption  of 
the  sensory  afferent  impulses  to  the  cerebellum,  and  puts  this  organ, 
which  is  concerned  in  maintaining  bodily  equilibrium  in  the  erect 
posture,  at  a  great  disadvantage.  On  closing  the  eyes  anotber  guiding 
sensation  is  removed  ami  the  instability  is  increased. 

The  lightning  pains  may  be  explains]  liv  (lie  degeneration  of  the 
root-fibres  ;  hut  the  paroxysmal  character  is  difficult  to  understand. 
The  partial  amesthesia  may  be  accounted  tor  by  the  partial  degenera- 
tion  of  the  roots.  Sherrington  has  shown  that  at  least  three  roots 
overlap  one  another  in  a  skill  area,  and  in  order  to  produce  complete 
lose  Of  sensation  in  a  part  all  three  roots  must  be  divided.      If  there  is 

pn i ed  analgesia  or  anaesthesia,  *[«■_-  peripheral  nerves  are  probably 

affected.      With  regard  to  the  visceral  crises  nothing  is  definitely  known. 
Tie  Argyll-Robertson  pupil  is  the  aiost  constant  objective  symptom 
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«<f  tabes,  a.-  it  is  of  neinT.il  paralysis.  No  very  definite  anatomical 
facts  have  been  brought  forward  to  explain  this  remarkable  phenomenon  ; 
but  it  is  asserted  that  it  is  due  to  a  break  in  the  junction  between  the 
terminal  arborization  of  optie  nerve  fibres  in  the  corpora  ouadrigenrina 
and  the  dendrites  of  tlie  sphincter  iridis  nucleus. 


Friedreich's  Disease. 

Frietlreie/i'n  iUkcim;  or  here<lit<tr;i  ttUu-tf,  is  a  rare  disease  affecting 
several  members  of  the  same  family,  the  great  majority  of  cases  begin- 
ning between  the  fifth  arid  fifteenth  years.  It  is  unconnected  with 
hereditary  syphilis. 

M'i.Ii'kI  Aiitthmi/. — There  are  degenerative  atrophy  and  sclerosis  of 
the  posterior  columns  and  posterior  roots,  but  less  marked  than  in  tabes  ; 
in  addition  the  lateral  columns  are  affected.  Frequently  there  is  atrophy 
of  the  cells  of  Clarke's  column  and  sclerosis  of  the  direct  cerebellar 
tracts.  Lissauer's  tract-,  which  are  always  affected  in  tabes,  are  in  this 
disease  usually  unchanged.  The  affection  of  the  cerel>ellar  tracts  is  of 
interest  in  connection  with  the  typical  reeling  gait. 

Combined  Scleroses. 

Ataxic  jmrnplei/ki  is  a  disease  in  which  there  is  a  '■oiii/iiiititiun  ••)'  the 
fttfiiifitwiiM  "/  Intern!  xeleraxix  and  of  ntn.ry.  Little  or  nothing  is  known 
as  to  the  cause  of  the  disease. 

Mnrh'f!  Anatomy. — The  appearances  of  degenerative  atrophy  in  the 
posterior  columns  of  the  cord  closely  resemble  those  of  tabes  ;  but  the 
lateral  columns  are  also  affected,  especially  the  crossed  pyramidal  tracts. 
The  combined  Mclerimin  in  these  regions  quite  accounts  for  the  combina- 
tion iif  symptoms  peculiar  to  this  disease.  There  is  usually  no  history 
of  syphilis,  and  the  Argyll-Robertson  pupil  is,  as  a  rule,  absent. 

In  /icllnarn,  jirmiriimn  nntrmia,  and  certain  grave  forms  of  aitwmia 
■  degenerative  atrophy  and  sclerosis  of  the  posterior  anil  lateral  columns 
mav  occur.  All  the  long  tracts  of  the  spinal  cord  may  be  affected 
341). 

II.  DEGENERATION  OF  EFFERENT  TRACTS. 

e  diseases  known  as  Primary  Lateral  Sclerosis,  Progressive 
Mii-cidar  Atrophy,  and  Amyotrophic1  Lateral  Sclerosis  are  probably 
all  due  to  one  and  the  same  pathological  process  affecting  different 
parts  of  the  motor  tract.  In  the  first,  the  lateral  columns  of  the  spinal 
cord  (upper  motor  segment)  arc  alone  affected  ;  in  the  second,  only 
the  cells  of  the  anterior  cornua  and  the  peripheral  nerves  derived  from 
them  (lower  segment)  ;  in  the  third,  Ixith  segment.-  of  ll»  motor  path 
suffer  together. 

Primary    lateral    sclerosis    is    in    all    probability    due    either    to    a 
L  <i,  not;  pw,  a  tnuaole;  r/riy*..,  I  nourish  i  aivumpuniwi  by  wasting  of  mti  soles). 
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process  i >f  snfu-tiing  f'l'oii]  vascular  occlusion,  Of  !■•  FetKOgm 
tioiiiil  changes  in  tin.1  cells  of  the  motor  urea  of  tin*  r-irt- ■>.. 
which  tin.'  j/i/riiiniiliil  trwtx  d<-;/':wmti\ 

In  progressive  muscular  atrophy  and  amyotrophic  lateral  scleroc^^su, 
which  may  V  considered  together,  the  lesion  .if  the  l-.ucr  -*y"»  -  .  i 
is  usually  most  marked.  In  the  former  tin-  obaagfl  begun  ffl  tl  ■% 
oella  of  the  anterior  cornua,  usually  in  the  arm-region,  ami  ■ 
cod  fined  principally  to  these  cells.  The  upper  segment  of  tin.-  nwfc>  ^»ur 
tract,  however,  usually  Buffers  to  some  extant,  tin-  rigna  ■■!  tin-  on  —  ,„. 

dition  being  often  masked  by  the  preceding  wasting  of  th<-  -'■  ■ 

Id    amyotrophic    lateral    sclerosis    the   urjper-eagineBt    Ifiirm    ■     ■—      . ■:,1 
marked    from   an    early  stage  of  the   disease,    riyidiu   of   r I j •■  ■ 
increased  knee-jerks  lw?ing  often  present  along  with  progressive  « 
of  the  muscles  of  the  arms. 

In  progressive  muscular  atrophy  we  find  several  different  typ>-         of 
the  disease  according  to  the  initial    seal  of  tin-  degenerative  pn»i      ■  —- . 
Sometimes   it   will   begin   in   the  muscles   of  the  shoulder 
times  in  the   small    muscles  of  the  hand  ;    the   same  di-tirictiou  can 
made  in    the  lower  limbs.     Sometimes   the  degenerative  procM  « 
commence  in  the  nuclei  of  origin  of  cranial  nerves,  giving  ri-.   r -.  :i  ' 
tion  of  deglutition,  phonation,  and  articulation  (nufnnr  jnnnijnfi) 


Ami  li. i  pornu  fmm  ■  cut  of  poli'imj-clllln.  i  ho  win*  «irn|i1jy  of  the  cuncltuii'ivili 

[Mrl*r>ii  ilic  Kiijiosrii I  <i  hvulthy  anterior  cumu  li  ahowlt.    Thr  rnnall  Mark 

rc|ir..ini  iln:  ill]-  u-  tin-)  iieiHur  under  «  l<>w  inn  mil  lira  I  Ion, 

Morbid  Anatomy.—  Examination  of  the  spinal  cordexhifaiti 
erative  atrophy  and  sclerosis  of  the  crossed  pyramidal   tracts  and  i 
anterior  root-zones  (Figs,  ,141-344).     The  gray  matter  of  tin-  anlersaW 
horns   i-  wasted   and   greatly  deficient   in   fibres  and  cell-.      The  laryp- 
multipolar  cells  that   remain  are  shrunken,  and   their    pi 
off:   in   some   cuses  only  a  little  mass  of  pigment   remain-.      Tin-  icIm- 
tissue  is  increased,  and  Deiters's  cells  are  very  numerous.     Th 
of  the  cord  affected  vary  in  different   types  of  cases,  t.  y.,  wlieii  the 
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email  muscles  of  the  hand  are  atrophied  the  anterior  horns  are  atrophied 
in  the  lower  cervical  aud  upper  dorsal  regions.  In  the  amyotrophic 
form  the  process  commences  in  the  upper  pyramidal  segment  of  the 
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nek  rosin.    Degenui 
ground- fibres.    Tin 


al  miIiih!  Cunl  from  a  cue  of  amyotrophic  literal 
pyramidal  and  direct  tracts  and  the  anterolateral 

t  tract* ,  the  anterolateral  ascending  tracts,  and  especially 

There  was  almost  complete  absence  of  cells  and  fine 

Ih  is  obicrvable  by  the  difference  in  color  as 


motor  path.  There  are,  therefore,  exaggerated  deep  reflexes,  accom- 
panied or  followed  by  a  progressive  and  characteristic  wasting  of 
groups  of  muscles,  owing  to  degeneration  of  the  anterior  horn  (Fig. 


The  aame  as  previous  figure, 
The  pyramidal  tracts  an 
lateral  tract. 


342).     The  peripheral   nerve-fibres  eorres|Mtnding   to    the   atrophied 
spinal  motor  neurons  are  atrophied  (Fig.  345).    The  muscles  are  much 
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wasted,  and  in  extreme  eases  can  hardly  be  distinguished  from  the 
surrounding  fat ;  but  in  slight  cases  they  are  only  pale.  Examined 
microscopically,  the  fibres  are  seen  to  have  lost  their  striation,  and  many 
show  fatty  degeneration. 

These  cases  of  amyotrophic  lateral  sclerosis  strongly  support  the  view 
that  there  may  be  a  primary  retrogressive  nutritional  change  in  the  neu- 
rons, followed  by  a  progressive  wasting  of  the  axons,  commencing  at  (he 
terminals,  and  gradually  spreading  up  the  pyramidal  tract*  ;  because  in 


some  cases  the  degeneration  has  been  found  to  extend  only  as  high  as 
the  medulla,  in  others  to  the  pons  or  cms ;  while  in  others,  again,  the 
internal  capsule  and  the  cortex  have  been  affected.  Bulbar  ptmi/y*ij< 
is  the  same  disease  as  progressive  muscular  atrophy,  and  is  due  to  a  de- 
generation affecting  the  motor  nuclei  of  the  medulla,  particularly  a  group 
of  cells  known  as  the  glosso-labio-laryngeal  nucleus.  It  often  forms 
the  final  stage  of  progressive  muscular  atrophy. 

PRIMARY   PROGRESSIVE   MYOPATHIES. 

The  etiology  of  this  group  of  muscular  atrophies  is  still  obscure. 
Heredity  plays  a  prominent  part,  especially  through  the  maternal  side. 
So  definite  pat] h •logical  lesion  of  the  central  nervous  system  has  been 
observed,  and  the  disease  is  said  to  be  a  primary  atrophy  of  the  muscle- 
fibres.  Pseudohypertrophic  paralysis  (p.  84),  and  Erb' a  juvenile  parol- 
yxix  are  best  known  types. 
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GENERAL  PARALYSIS  OF  THE  INSANE. 
GENERAL  PARALYSIS   OF   THE   INSANE. 


iology. — General  paralysis  has  increased  rapidly  of  late  years, 
and  is  probably  one  effect  of  nyphUizatirm  and  eiri/ization.  It  is  a  dis- 
ease of  large  cities  and  towns,  so  is  syphilis ;  men  are  affected  much  more 
often  than  women.  The  disease  has  been  ascribed  to  alcohol,  but  in 
countries  where  intemperance  is  rife  yet  syphilis  absent,  general  paralysis 
Is  unknown — eg.,  rural  districts  of  Ireland  and  Sweden. 

Mott  has  found  a  history  of  syphilis  aud  signs  of  syphilis  much 
more  frequently  in  general  jiaralysis  than  in  other  classes  of  mental  dis- 
ease. Kraft  Ebing  has  shown  that  eight  general  paralytics,  who 
exhibited  no  external  signs  of  syphilis,  possessed  an  immunity  to  the 
disease,  for  they  could  not  be  inoculated  with  the  virus- 
One  of  the  strongest  arguments  in  favor  of  the  view  that  syphilis  is 
the  factor  of  all  others  which  causes  general  paralysis  is  the  existence 
of  a  jnrenil?.  form,  occurring  in  the  subjects  of  congenital  syphilis,  many 
cases  of  winch  have  been  recorded  by  Mott.  Other  factors,  such  as 
worry,  anxiety,  mental  strain  and  overwork,  sexual  excesses,  alcoholism, 
blows  on  the  head,  sunstroke,  and  continual  mental  excitement,  act  as 
predisposing  or  exciting  causes.  Heredity  plays  a  less  important  part 
in  this  disease  than  in  other  forms  of  insanity. 

The  etiology  of  general  paralysis  and  of  tabes  is  very  similar; 
indeed  it  appears  probable  that  general  paralysis  and  tabes  are,  patho- 
logically speaking,  the  same  disease,  affecting  different  parts  of  the 
nervous  system ;  in  the  former  the  brain  is  affected,  in  the  latter  the 
spinal  cord.  In  each  ease  the  process  is  a  primary  degeneration  of 
neurons,  due  to  the  action  of  some  poison,  probably  that  of  syphilis. 
The  inflammatory  changes  in  the  membrane  and  around  the  vessels, 
in  general  paralysis,  are  in  all  probability  secondary  to  atrophy  of  the 
nervous  elements. 

Age  and  Sex. — It  affects  especially  men  in  the  prime  of  life,  in  the 
Unities — the  average  age  of  death  is  40.  It  is  rare  after  50  ;  it  may 
commence  (excluding  the  juvenile  form)  at  25  ;  but  the  most  common 
period  is  between  30  and  40.     The  disease  runs  a  slower  course  in 


Morbid  Anatomy. — The  dura  mater  is  often  found  thickened  ami 
adherent.  Upon  opening  the  dura  mater  there  is  obvious  atrophy  of 
the  brain,  especially  of  the  frontal  and  central  convolutions,  with  thiek- 
i-iiiii'j  i'ii'I  iijin'-itij  of  the  jiiii'iirm-hnoiii  ;  the  sulci  present  an  opalescent, 
gelatinous  appearance,  due  to  the  cerebrospinal  fluid  beneath  the  thick- 
ened membranes.  On  removing  the  brain  it  will  be  noticed  that  there 
is  a  great  excens  of  cerebrospinal  fluid.  The  weight  of  the  organ  may 
l»-  diminished  one-third  in  extreme  cases.  The  lateral  ventricles  are 
greatly  dilated,  owing  to  the  atrophy  ;  the  atrophy  affect.-,  especially  the 
hemispheres,  and  the  ependyma  of  all  the  ventricles,  especially  the  fourth, 
is  thickened  aud  granular.     If  the   membranes  lie  stripped  from  the 
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hemispheres,  it  will  be  observed  that,  especially  in  the  frontal  region, 
the  bra  in -substance  tears  away  from  the  membrane,  leaving  a  charac- 
teristic worm-eaten  appearance  (Figs.  346  and  347).     The  atrophy 


Photograph  of  brain  of  advanced  general  pat 
The  atrophy  of  the  frontal  and  renin 
size  and  the  depth  and  width  uf  the 


also  affects,  but  to  a  less  degree,  the  spinal  cord ;  and  there  may  be 
obvious  naked-eye  systemic  degeneration,  the  commonest  ioriu  of  which 
is  similar  to  that  of  tabes,  although,  when  examined  microscopically,  it 
is  generally  found  that  the  pyramidal  tracts  are  degenerated.  Hemor- 
rhagic pachymeningitis  is  not  uncommon. 

Microscopical  examination  of  ]>ortions  of  the  brain  stained  by  Nissl's 
method  shows  marked  thickening  of  the  pia-nrachuoid  and  an  over- 
growth of  the  iH'iiroglia-t issue,  at  the  ex|>ense  of  the  nervous  tissue. 
The  regular  layers  (forming  Meynert's  columns)  of  nerve-cells  of  the 
cortex  are  destroyed,  the  cells  being  in  all  stages  of  dissolution,  from 
initial  swelling  with  ehromatolysis  to  complete  destruction,  leaving 
only  the  nucleolus  recognizable.  Some  cells  arc  swollen  up  and  no 
longer  retain  their  pyramidal  form  ;  their  processes  are  atrophied  and 
appear  broken  off;  others  are  almost  globular,  owing  to  swelling  up  of 
the  nucleus,  while  again  others  present  a  shrivelled,  atrophied  appear- 
ance. The  motor  pyramidal  cells  do  not  present  the  normal  KiftsI 
granules,  and  a  single  healthy-looking  cell  in  a  section  of  the  central 
convolutions  is  hard  to  find.  There  is  a  great  increase  in  the  spider 
celts  of  the  neuroglia  in  those  situations  of  the  cortex  where  the 
atrophy  of  the  nervous  elements  is  most  marked,  namely,  in  the  frontal 
and  central  convolutions  and  the  island  of  Bcil.  The  vessels  are 
especially  visible,  owing  to  dilatation  of  the  perivascular  lymphatics 
and  cellnlar  proliferation  in  the  sheath  ;  numbers  of  leucocytes  also 
are  said  to  be  present ;  the  blood  contained  in  the  vessels,  however, 
does  not  usually  contain  excess  of  leucocytes.  By  the  Marchi  and 
MarcM-Fal  methods  two  important  observations  can  be  made,  namely, 
the  existence  of  a  large  number  of  degenerated  fibres,  in  -% 
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■traction  nod  thp  abumee  of  the  tangential  *y*tem  of  fibre*.     Many 
idea  consider  the  disease  to  be  a  primary  inflammatory  moningo- 
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encephalitis,  with  secondary  atrophy  of  the  nervous  elements.  Tabes 
dorsalis,  however,  with  which  the  disease  is  often  associated,  or  by 
which  it  may  be  preceded,  was  formerly  considered  to  be  a  primary 
sclerosis ;  it  is  now  generally  looked  upon  as  a  primary  degeneration 
of  the  afferent  system  of  neurons,  with  secondary  overgrowth  of  the 
neuroglia. 

The  effect  of  the  lesions  just  described  is  a  gradually  progressing 
dementia,  owing  to  atrophy  of  the  association-fibres  of  the  brain.  In  the 
early  stages  tremor  of  the  lips,  tongue  and  hands  is  generally  present ; 
the  speech  is  slurring,  and  the  handwriting  unsteady.  Delusions  are 
often  present.  In  the  final  stages  of  the  disease  all  mental  power 
is  lost ;  consciousness  is  in  abeyance,  and  voluntary  movement  is  im- 
possible. 
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ABSCESS,  171,  283,  306 
atheromatous,  462 

cerebral,  550 

chronic  ("cold"),  172,  175,  353,  406 

embolic,  169,  342 

follicular,  412 

gravitation,  354 

in  actinomycosis,  401 

in  carcinoma,  143 

in  glanders,  397 

in  skin,  170  (Fig.  99) 

miliary,  169  (Fig.  98),  341 

of  arterial  wall,  46!) 

of  endocardium,  453 

of  liver,  257,  342,  489 

of  lung,  473,  476 

ovarian,  513 

perityphlitis  426 

prevertebral,  399 

pyemic,  342 

strumous^  353 
Absinthe,  action  of,  530 
Acari,  240 

Acceleration  of  blood-stream,  160,  175 
Acetonemia,  528 
Achorion  Schonleinii,  338 
Achromatosis,  435 
Acid-intoxication,  521 
Acids  formed  by  bacteria,  280 

poisoning  with,  46,  514 
Acinous  cancer,  144 
Acme  of  fever,  231 

Actinomyces,  399  (Figs.  227-228),  474 
Actinomycosis,  398 

Acute  yellow  atrophy  of  liver,  495,  528 
Addison's  disease,  21,  81,  518 
Adenofibroma,  107,  132,  134  (Fig.  68) 
Adenoid  growths,  poet-nasal,  425  (Fig.  233), 

412 
Adenoma,  132, 137  (Figs.  67-69) 

clinical  characters  of,  136 

of  breast,  133  (Fig.  67),  134  (Fig.  68) 

of  intestine,  429 

origin  of,  133 

seats  of,  133 

sebaceous,  136 

secondary  changes  in,  136 

structure  of,  132 
Adenomyoma,  132,  135 
Adenomyxoma,  132 
Adenosarcoma,  137 
Adipocere,  50 
Aerobic  organisms,  272 
African  lethargy,  262,  530 


Age,  as  cause  of  disease,  21 

Agenesis  corticalis,  556 

Agglutination  of  bacteria,  298 

Agglutinins,  299 

Aglobulism,  435 

Agraphia,  545 

Ague,  258 

Air,  bacteriological  examination  of,  304 

in  veins,  225 
Albuminoid  degeneration,  66.  See  Amyloid 

degeneration. 
Albuminous  infiltration,  45 
Albuminuria,  500,  506,  510 

causing  depressed  vitality,  283 
Albumose  in  urine,  127 

toxic,  280,  345 
Alcohol,  effect*  of,  52,  184, 197,  283,  464, 

493,  515,  529 
Alexine,  293 

Alimentary  canal,  amyloid  disease  of,  74 
bacteria  in,  274 
seats  of  tumors  in,  96 
tuberculosis  of,  375 
Alkaloids,  bacterial,  280 

vegetable,  514 
Alveolar  sarcoma,  121,  140 
Alveoli  of  lung  in  emphysema,  483 
Amboceptor,  293 
Amoeba  coli,  257 
Amboeboid  dynentery,  258 
Amputation,  intra-uterine,  30 
neuroma,  103 

of  limb,  effects  on  nervous  centres,  531 
Amyl  nitrite,  action  of,  197 
Amyloid,  66,  69 
bodies,  74 
degeneration,  66 
etiology  of,  67 
appearances  of,  66 
chemical  nature  of,  67 
color  reactions  in,  67 
effects  of,  68 

experimental  production  of,  68 
in  syphilis,  395 
of  alimentary  canal,  74 
of  capillaries,  66  (Fig.  26) 
of  kidnev,  70-73  (Fig.  30) 
of  liver,  69,  70  (Figs.  27-29) 
of  spleen,  73  (Fig.  32) 
pathology  of,  68 
seats  of,  66 
Amyotrophic     lateral     sclerosis,    583-586 

(tigs.  343-345) 
Anemia,  435 
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from  bfiiiorrhngi', 

local,  in:.,  288 

uiIuiini  in.  20H 

pernicious  #87 

blood  in,  438  (Fig.  249) 
L-.i.t  ta,e8  l  l-'it;-  IVi,  439 
kidney  in,  63 

niarro'win,  438(Fig.  250) 
liver  in,  00 

spinul  con!  in,  4  HI,  528,  5.S2  (Fig, 
341 ),  683 

primary  ami  seeondair,  436 

si-lt-ni.;  HI 
Aiiac ruNii-  orpin  isms  272 
Anasthiwin,  686,  B  I-' 

A  mot  belies,  effect  of,  on  nerve-cells,  525 
Analgesia,  542 
Anasarca,  206 
AniiBlnniiwiii,  arterial,  222 
Atieiiivphnliu,  25 
Aneurysm,  461,  464 

cerebral,  503,  569  (Fig.  330) 

cirsoid,  104 

dolling  in,  209,  210 

from  infect ii''.-  eml<tili.  225,  ir.l 

hyaline  change  in,  65 

miliary,   464    (Fig.   2751,    509    (Fig. 
330) 

myelitis  from,  653 

of  heart,  457  (Fig.  269) 

of  valve,  454 

pressure  on  sympathetic  by,  197 

varieties  of,  464 
Angina  pectoris,  460,  532 
Aiiginlihroma,  106 
Amriomii,  103,558 
Angiosarcoma.  127.  568 
Aatla  cfanaa,  B43 
Ankylosis  of  joint,  402 

effect  on  muscle*  of,  56 
Ankvlostoma    diiodcniilr,    2511    (Fig.    137), 

252 
Anopheles  mosnnito,  260 
An.-ri.  rii,  288 

Anlheridium,  886  ( Fig.  187),  336 
Anthracosis,  488 
Anthrax,  315 
Anti«-[ilio>,  271 
Antistreptococcic  scrum,  291 
Antitoxin?,  290,  294,  297 
Antityphoid  wrnm,  291,320 
Anuria.  516 
Anns,  ini perforate,  25,  2S  (Fig.  3| 

tumors  of,  96 
Aorta,  athemnu.  r>f.  7*.  :W.  4(S3  I  FL-.  271) 

fatty  degeneration  of,  6]  (Fig.  21) 

malformation  of,   I  111 

obstruction  of,  207 
.V>rti<'  ili.-"m|»-U'iict'.  88 

valves,  endocarditis  of,  451.  452  i  Via. 
886),  W0 
rupture  of,  455 
Aortitis,  Ml 

Aphasia,  515,  547 


hrmvri  -luujr. 
hereditary.  80 
pulmonary,  227 
Ap|»  iirliciri-,  426 
Appendix  viniiii'nnnis,  catarrh  of,  415 
eonendon  in,  06 
gangrene  ot    W6 
in  typhoid  fever.   122 

alccntha  at  08 

Argyll-Kobert.-oii  pupil 
Ai!:yri.i-i~.  B8 
Airi-I  iil'ili<vi'l<>]>iiii-[i' 
Anwnic,  actiot 
Arterial  obstruction,  :i] 

diniinislmi,  188 


calcification  ,.f.  SB, 
cerebral,     miliary    in 

[fig  276       ■■     i 

ili  genin i  "f.  661 

dilatation  of,  198 

fnlty  dogMMrMlon  el,  80 

hereditary  Icudcncy  to  niptuir,  * 

llllllil.C    lit   !■ 

in    granular    UtfOtWOwl    WMffl   '* 

(Fig.  809) 
hi  |iiiliiiiiiiiirv  tuberculosa,  3fs> 
ligature  of,  216.  217  I  Fig  117) 
narrowing  of,  195 

nutrition  of  qoaa  of   188 

0h«rUOt)on  "I'.  -11 

ArWriocapilairj  Bbnaia,  447,  4fi:t 
ArterioKdenau 

Atii'H.'si'U'niiif  kiilin  i 
Arteritis,  from  infectivt 

infective,  101 

ohliteraliw,  182  [Fsj   J 

prolifenitivi-.  481 

syphilid  . 
1cry  of  heioi'tilinL'i 
Arthritis,  chronic,  17." 

deforming,  406 

g.inorrhoal.  311 

gouty,  404 

rheumatoid,  156,  408 
Vrtliii.>|HPi'ini-  fungi,  268 
Aocaris  lumbticoMMt,  849 
A*i,  336 

■  ■  ■  490,  494 
Wiii,   fluid,  205 
A-ok-ooium,  336 
A-.|H.'t¥il|i«i- 
Upergillia  fumigatua,  338 

niger.  271,  837,  338 
■ 
Miiiin,  542 

hereditary,  526 
Ataxic  paraplegia,  583 
At.livm-i*.  29,477.478,  481,  IN 
Atheroma,  7-  r  Fie.  36),  488 

of  aorta 

of  coronary  arteries  69 
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Atheromatous  abscess,  462 

ulcer,  403 
Atrophied  organs,  pigmentation  of,  83 
Atrophy,  40 

a»tiology  of,  42 

api>earances  in,  42 

cyanotic,  201 

disuse,  42 

eccentric  and  concentric,  45 

from  defective  nutrition,  42,  44 

from  disuse,  42,  531 

from  exhausted  vitality,  43 

from  poisons,  44 

from  pressure.  42 

from  waste,  44 

general,  44 

idiopathic  muscular,  526 

numerical,  40 

of  bone,  42,  44 

of  genital  organs,  43 

of  heart,  brown,  60 

of  kidney,  42 

of  liver,  acute  yellow,  495,  528 
cyanotic,  201 

of  muscle,  43 

of  rectum  after  colotomy,  43 

of  spleen,  43 

of  testis,  42 

of  thymus,  43 

simple,  41 
Attenuation  of  organisms,  286,  288 
Auto-intoxicati< ms, . 515,  528 

BABINSKl'S  SK;X,  542^ 
Bacilli,  pathogenic,  315 
Bacillus,  definition  of,  209 

anthracis,  268   (Fig.    150),  273,  275, 
277,  282   (Fig.    154),  315,   315 
(Fig.  173)  _ 
ferments  of,  279 
botulinus,  531 
coli  communis,   281,   321    (Fig.  177), 

diphtheria-,    271,    281,   2*2,  286,  322, 
323  (Figs.  178-180),  468 
toxines  of,  279,  295,  324,  529 
dvsenteria*,  328 
hberth's.     St*j  H.  typhoxH*. 
ieteroides,  329 
lepra-,  3S3-387 
mallei,  397 

of  Friedlander,  311,  468 
of  Frisch,  :598 
of  influenza,  325 
of  malignant   o-dema,   272,   273,  284, 

32K 
of  plague,  325 
paratyphi,  331 
prodigiosus,  280 
psvudodiphth  critic  322 
py<»cyaneus,  2X0 
rulier,  280 
smegmatis,  209 
subtil  is  272   273 
tetani,  20o7  272,  273,  326,  327  ( Fig*. 

181,  182) 


Bacillus,  tetani,  toxines  of,  327,  529 

tuberculosis,  266,  270,  300,  343,  345 
(Figs.  189-191),  433,  468,  474 
effects  of,  348 
toxines  of,  52,  291,  345 
typhosus,  266,  272,  273,  274,  317,  318 
Fig.  175),  321  (Fig.  176),  421 
toxines  of,  278,  319 
violaceus,  280 
Back-telling,  23 

Bacteria  (or  schizomycetes),  264 
action  of  exudation  on,  177 

leucocytes  on,  179 
aerobic  and  anaerobic,  272 
arrest  of,  282 
arthrosi>ort>us,  268 
classification  of,  269 
colonics  of,  267 
concurrent  growth  of,  286 
conditions  of  life  of,  270 
cultivation  of,  302 
distribution  of,  273 
cndosi>orous,  208 
fate  of,  in  tissues,  281 
inoculation  of,  284 
investigation  of,  300 
monomorphic,  268 
morphology  of,  265 
motility  of,  266 
pathogenic,  305 
dose  of,  285 
pleomorphic,  268 
products  of,  277 

causing  necrosis,  33 
fatty  change,  51 
nephritis,  501 
proof  of  pathogenicity  of,  264 
reproduction  of,  2(56 
resistance  to,  180,  291 
spread  of,  ISO 
variability  of,  268 
virulence  of,  286 
Bactericidal  serum,  291 
Bacteriolysis,  292 
Bacterium  coli  commune,  320.  See  Bucithw 

CiJl. 

Basiphile  leucocytes,  178 
Bedsores,  32 
Beri-lx>ri,  530 
Bile,  staining  with,  81 
Bile-ducts,  catarrh  of,  81 
Bilharzia  haematobia,  254) 

ova  of,  251   (Fig.  138) 
Biliriibin-calcium,  497 
Bisulphide  of  carl»on,  530 
Bladder,  calculi  of,  257,  512 

cast  of,  41 S 

extroversion  of,  28 

hypertrophy  and  dilatation  of,  23 

fiapilloma  of,  130  (Fig.  05 1 
Blastoinveetes  i or  veasts),  204,  334 

in  carcinoma,  97 
Bleeders,  19 
Blindness,  545 
Blood,  coagulation  of,  208,  210 

diseases  of,  434 
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Blood,  effect  of  abnormal,  527 
deficient,  51 
extravasated,  change*  in,  79 
in  chlorosis,  436 
in  leucocythsemia,  441 
in  pernicious  anaemia,  437 
normal,  434 

specific  gravity  of,  435,  436,  446 
-supply,  defects  in,  22,  527 
causes  of  diminished,  192 
effect  of  diminished,  51,  193,  209 
-vessels,  amyloid  defeneration  of,  06 
calcification  of,  "8 
diseases  of,  460 
fatty  defeneration  of,  60 
rejmir  of,  189 
tumors  formed  of,  103 
Blue  milk,  bacillus  of,  265  (Fig.  146) 

pus,  280 
Boils,  283,  308 

Bone,  arrested  development  of,  45 
atrophy  of,  42,  44 
eburnation  of,  403 
hyi>ertrophy  of,  86 
inflammation  of,  405 
in  rickets,  40S-- 1 1 1  (Figs.  231-232) 
mucoid  changc>  in,  63 
necrosis  of,  32,  406 
repair  of,  191 
transplantation  of,  193 
tumors  of,  114 
Bothriocephalic  latus,  243  (Fig.  129),  245 

(Fig.  134).  440 
Botulism,  531 
Brain,  abscess  of,  551 

atrophv  of,  5-16  (Fig.  315),  556 
congenital  defects  of,  25,  555 
functions  of,  544  548  (Fig.  314) 
hemiatrophy  of,  557  (Fig.  320) 
lesions  of  irritative  and  destructive,  547 
sclerosis  of,  556 
tuberculous  masses  in,  374 
tumors  of,  556 
Brain-sand,  75,  108 
Branching,  true  and  false,  269 
Brassy  bodies,  260 
Breast,  adenoma  of,  133 

carcinoma  of,  140,  141  (Figs.  75-77 ) 
cvsts  of,  1 43 

duct-pa  pi  lloma  of,  131  (Fig.  66) 
hy|>crtrophv  of,  87 
Bright'*  disease1.     See  Xephriti*. 
anannia  in,  435 
atrophy  from  waste  in,  44 
cerebral  hemorrhage  in.  570 
fatty  arteries  in,  61  (Fig.  22) 
<  edema  in,  207 
peritonitis  in,  489 
Bronchi.  mcteria  in.  274 
dilatation  of,  478,  4^4 
in  bronchopneumonia,  475 
in  tuberculosis,  :\i\\\  37n  (Fij?  208) 
Bronchiectasis,  479,  481  « Fijr.  285),  484 
Bronchitis  catarrhal,  416  (  Fig.  235) 
chronic.  481    Fig.  285) 
plastic,  418 


Bronchitis,  sputum  in,  488 
Bronchocelc,  cystic,  157 
Bronchopneumonia,  473—474    (Fig.  IT 
478 
septic,  474,  476 
Bronchus,  olwt ruction  of,  478 
Brown  atrophy  of  heart,  60  (  Fig.  20 X 

induration  of  lung,  203,  488 
Brown-Scquard's  jmnilvsis,  574 
Bruise,  80 
Bubo,  311,325,  326 
Bubonic  fever,  325 
Bulkir  paralysis,  43,  5K4,  586 
Bums,  scarring  from,  174 
Bursa,  fal>e,  156 
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ruLrAHKors  ixfiu 

Vj    Calcification,  75 

of  arteries,  78  (  Fig.  36) 
of  cartilage,  75 
of  ganglioiwells  77 
of  jMip.isites,  76  ( Fig.  34) 
of  thrombi.  76 
of  tubercular  foci,  77,  352 
of  tumors,  77  (  Fig.  35) 
Calcium  oxalate,  calculi  of,  511 
Calculi,  coral,  510 
pancreatic,  497 
renal,  512 
varieties  of,  510 
vesical,  511  (Fig.  303),  512 
urinarv,  510 
Callus,  191' 
Canalization  of  thrombus   216,  217  (Fif* 

117) 
Cancer.     See  (arcinnma. 
Cancer-lssHes  139  (Fig.  72) 
Cant  ha  rides,  action  of,  184,  5<KJ,  515 
Capillaries,   amvloid    degeneration  «»f,  W 
(Fig.  26) 
development  of,  189  (  Fig.  I0f>i 
fatty  degeneration  of,  62 
oltstruction  of,  32.   19S 
iiermcahility  of,  2u5,  207 
Capillary  pressure,  207 
Carbolic  acid,  271 
(  arbon  bisulphide,  action  of,  530 
monoxide,  action  of,  52 
jwrticles  in  lung>.  487 
pigmentation  by,  82 
Carbuncle,  283.  308 
Carcinoma,  137 
acinous  144 
cells  of,  138  (Fig.  71) 
clinical  character  of,  143 
colloidr  04   (Fij?.  2K  151.  152  ' Re 

84) 
encephaloid,  146   (Fig.  7s  \   147   Kij. 

79) 
from  gall  atones.  497 
hereditary  varieties  of,  22 
necrosis  of,  IN)  i  Fig.  40) 
of  brain,  558 
of  intestine,  421* 
of  |>ancreas  498 
of  pylorus,  429  (Fig.  214) 
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Carcinoma,  origin  of,  137 

parasites  in,  144 

scirrhous,  144 

secondary  changes  in,  143 

spheroidal  celled,  144 

stroma  of,  141  (Fig.  73) 

structure  of,  138 

varieties  of,  141 
Cardiac  failure,  198 
Caries,  405 

of  spine,  354 
Carphology,  232 
Cartilage,  calcification  of,  78 

inflammation  of,  402 

mucoid  degeneration  of,  63 

repair  of,  190 

transplantation  of,  194 

tuberculosis  of,  380  (Fig.  217) 
Caruncle,  urethral,  102 
Caseation,  53 
Cast  of  bladder,  418 
Casts,  urinary,  503 
Catalepsy,  525 
Catarrh,  mucoid  change  in,  63 

myxoma  arising  from,  109 

pigmentation  from  continued,  81 

varieties  of,  415 
Catarrhal  inflammation,  415 
Catatonia,  525 
Causes  of  disease,  21,  526 
Caustics,  result  of,  418 
Cautery,  action  of,  83,  183,  20* 
Cavities,  hronchiectatic,  484-486 

tubereular,  354,  369,  370 
Cells,  epithelioid,  348 

giant.     See  Giant-cell. 

multiplication  of,  188 

resistance  of,  24 
Cellulitis,  283 

Centrum  ovale,  lesions  of,  548 
Cerebellum,  lesions  of,  548 
Cerebral  abscess,  551 

aneurysm,  563,  569  (Fig.  330) 

embolism,  221,  566 

hemorrhage,  569 

Ionization,  544 

softening,  506-569  (Figs.  327  329) 

tumor,  556  ( Fig.  321 ) 
Cerebrospinal  fliud,  550 

meningitis,  313,  528,  549,  552 
Cestoda,  242 
Chancre,  hard,  388 
Charcot's  crvstals,  442 
Cheloid,  10H 
Chemical  injury,  32,  183 
Chemistry  of  nerve-degeneration,  539 
Chemotaxis,  162,  176,  179,  266 
Chicken  cholera,  2«« 
Childhood,  diseases  of,  21 
Chionvphe  caiteri,  401 
Chloasma,  339 
Chloroma,  124 
Chlorosis,  436 
<  'hohrmia,  528 
Cholera.  329,  332 

immunization  to,  293 


Cholera,  vaccine^  290 

vibrio  or  spirillum.     See  Spirillum. 
Cholesteatoma,  558 
Cholesterin,  248  (Fig.  136),  390,  496 
( 'holine,  effects  of,  528,  539 
Chondroma,  111-114  (Figs.  48-50) 
Chondrosarcoma,  112,  118 
Chorea,  526,  531 

endocarditis  in,  453 

hercditarv,  526 
Chorio-epitheiioma,  153 
Chyle  in  urine,  208,  255 
Chyluria,  255 
Circulation,  collateral,  196 

disorders  of,  195 
Cirrhosis  of  liver.     See  Liver. 
Cirsoid  aneurysm,  104 
Cladothrix  dichotoma,  269  (Fig.  151) 

group,  270 
Cleft  palate,  27 
Cloacae,  407 

Clonus,  foot  and  ankle,  542 
Clot,  208,  212 
Cloudy  swelling,  45 

of  heart,  47  (Fig.  11) 
of  liver,  46  (Fig.  10) 
Clubfoot,  congenital,  30 
Coagulation  necrosis,  36 

of  blood,  208-212 

of  effusions,  177 
Coagulum,  208 
Cocci,  definition  of,  269 

pyogenic,  273,  283.  See  Staphylococcus, 
streptococci!*,  etc. 
Coccygeal  tumors,  154 
Cold!  injury  from,  183,  184,  417 
Colitis,  ulcerative,  426 
Collapse  of  lung,  475 

fibrosis  from,  479 
pigmentation  in,  481 
Collier's  phthisis,  488 
Colliquative  necrosis,  36 
Colloid,  63 

cancer,  64  ( Fig.  24 ),  151, 152  ( Fig.  84) 

degeneration,  63 
Color-blindness,  22 
Coma,  515,621,528,  550 
Comma  bacillus.     See  Spirillum  chitlenr. 
Compensation  of  defects,  23,  ^ 
Compensatory  emphysema,  484 
Complement,  293 
Concentric  globes,  148 

atrophy  of  Ik  me,  45 
Concretions,  77,  440 
Condylomata,  128 
Congenital  defects.     See  Malfmnuitinn*. 

dislocation,  30 

heart  disease,  30 
Conglomerate  tubercle,  351 
Conidia,  336 
Cnnidiophorc,  336 
;  Conjugation  of  moulds,  336 
|  of  malarial  (Ninisite,  261 

Conjunctivitis,  184 
Connective  tissue,  re]mir  of,  1X9 
mucoid  change  in,  62 
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Constipation  in  anaemia,  437 

in  fever,  233 
Contagion,  263 
Continued  fever,  232 
Contracture,  542 
Convulsion,  231,  246,  251,  531 
Copula,  293 

Cor  hirsutum  vel  villosum,  431,  440 
Cord,  spinal.     See  Spinal  cord. 
Cornea,  repair  of,  159 

inflammation  of,  402 
Corns,  130 

Corona rv  arteries,  defective  circulation  in, 
til 
embolism  of,  224 
Corpora  amylacea,  74  (Fig.  33),  74 
Corpuscles,  defects  in,  435,  437 

emigration  of,  177 
Cretinism,  517,  527 
Crisis,  231 

Critical  diarrhoea,  231 
Culture  media,  302 

tubea,  304  (Fig.  162) 
Cyanosis,  446 
Cylindroma,  127 
Cystic  adenoma,  134 
Cvstieercus,  243  (Fig.  12S),  558 
Cystitis,  418 
Cysts,  155 
%      compound  proliferous,  157 

contents  of,  156 

degeneration,  513 

dermoid,  95,  154  (Fig.  86),  534 

distension,  513 

exudation,  158 

formation  of,  156 

hydatid,  247,  248  (Figs.  135,  136) 

implantation,  155  (Fig.  87) 

of  brain,  556,  569 

ovarian,  513 

pancreatic,  498 

retention,  155,  419,  509 

sebaceous,  157  (Fig.  88) 

structure  of,  156 

varieties  of,  1 58 
Cvtase,  293 
Cytolysis,  293 
Cytoryctes  variola1,  263 

DEAD  T1SSCKS,  staining  of,  83 
Death,  24 

local,  31.     See  AVvtokm. 
Decomj>osition,  38 
Degeneration  (and  infiltration),  40 

albuminoid,  ^6 

amyloid,  ^> 

ascending,  574 

chemistry  of  nerve-,  539 

colloid,  63 

descending,  572,  574  (Fig.  334) 

fatty,  47 

granular,  45 

hyaline,  65 

lardaceous,  66 

mucoid,  62 

of  afferent  tracts,  577 


Degeneration  of  efferent  tract*,  583 

of  nerves,  532-535  (Fig.  306) 

of  spinal  cord,  536^544 

IKirenchymatous,  45 

pigmentary,  60 

primary,  of  nervous  system,  577 

secondary  systemic,  572 

varieties  of,  45 

Wallerian,  532 

waxy,  66 

Zenker's,  65 
Delirium,  528,  550 

tremens,  529 
Demarcation,  line  of,  35 
Dementia,  526,  530 
Dermatitis  from  blastomyeetes  334 
Dermoid  cysts,  95,  154,  513 
Desquamation,  430 
Development,  defective,  25-30 

of  anterior  median  line,  26 
of  face,  27 
of  heart,  445 
of  limbs,  29 

of  (Misterior  median  line.  25 
Dialietes,  520 
Dia|)edeHLH,  162 
Diarrhcwi,  43,  231 
Dicrotism  of  pulse,  233 
Digestion  in  fever,  2X3 
Dilatation   of  vessels    inflammatory  W. 

176 
Diphtheria,  322 

antitoxin?,  290,  295 

bacillus  of.     See  BaeillHx  dtftktkfriiL 

mvelitis  in,  552 
Diplococcus,  definition  of,  269 

gonorrhuw,  310 

intntccllularis  meningitidis  313 

pneumonia*,  313  (  Fig.  170),  453, 468 
Disease,  acquired,  20 
in  litem,  20 

Addison's  518 

definition  of,  18 

due  to  diminished  resistance,  19,  33 

effects  of  past,  23 

endemic,  258,  287 

etiology  of,  21.  526 

exciting  causes  of,  22 

extension  of,  23 

external  causes  of,  20,  527 

functional,  21,  522 

general  and  local,  20 

hereditarv,  19,  526 

Hodgkin's  413 

infective,  263,  340 

inherited,  19,  526 

internal  causes  of,  526 

investigation  of,  17 

predisjMwing  causes  of,  21 

primary  and  secondary,  21 

recurrence  of,  22 

sclerocystic,  513 

structural  or  organic,  21,  522 

terminations  of,  27 

varieties  of,  19 

woolsorter's,  317 
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Diseases  of  blood  vessels,  460 

connective  tissues,  402 

heart,  415 

kidncv,  498 

liver,  489 

lymphatic  glands,  410 

mucous  membranes,  415 

nervous  system,  522 

jMincreas,  497 

respiratory  organs,  407 

sjK'cial  tissues,  402 
Dislocation,  congenital,  30 
Disseminated  sclerosis,  500 
DLstomata.  250 
Disuse  atrophy,  42 
Diverticulum,  Meekcls,  27 
Drojwv,  204,  200 

renal,  207 
Drug  habits,  515,530 
Duct-pa  pi  Uoma,  131  (Fig.  06) 
Ductus  arteriosus,  obliteration  of,  43 
l>ersistcnt,  445 

venosus,  43 
Duodenum,  ulcers  of,  41  9,  421 
Dwarfing,  25 
Dysentery,  420-428  (Figs.  242-243),  489 

amu'bie  in,  257 

anveboid,  258 

bacillus  of,  328 
Dyspepsia,  44 

Dyspnoea  from  aiucmia,  43G 
Dvsuria,  257 

EAR  DISEASE,  effects  of,  342,  549,  551 
Earth,  bacteriological  examination  of, 
305 
Eburnation,  403 
Eccentric  atrophy  of  Imhic,  45 
Ecchoudromata,  114 
Effects  of  past  disease,  22 
Effusion,  varieties  of.  432 
Ehrlich's  theory  of  immunity,  295 
Electricity,  damage  from,  183 
Elephantiasis  arahum,  254 
Elephantoid  fibroma,  107 
Emaciation,  fatty  liver  in,  54 
Emboli,  capillary,  225 

carriage  of,  220 

impaction  of,  220  (Fig.  119) 

infective,  225,  507 

lcucocytic,  443 

pigment,  81 

simple,  225 

source  of,  219 
Embolism,  219 

by  fragments  of  liver,  ?°1 

cerebral,  500 

damage  from,  53 

effects  of,  221,  547  (Fig.  3K  ) 

fat-,  225,  405 

gangrene  from,  35 

infective,  225,  503,  507 

of  cerebral  arteries,  224.  547 

of  mesenteric  urterv.  223 

of  pulmonary  artery,  229 

|Hiradoxieal  or  crowed,  221 


Embolism,  retrograde,  221 

septic,  342 
Emigration  of  leucoevtes,    100  (Fig.  89), 

101  (Fig.  90),  177 
Emphysema,  199,  481 

atrophic,  483 

etiology  of,  483 

hypertrophic,  482 

vesicular,  481-484  (Fig.  280) 

vicarious,  484 
Empyema,  434 

fibrosis  of  lung  from,  481 

of  joint,  381 

pncumococci  in,  313 
Encapsulation,  180 
Encephalitis,  551 

saturnina,  530 
Encephalocele,  2G 
Enccphalo-ineningocele,  20 
Enccphaloid  cancer.  140  (Fig.  78) 
Enchondromata,  115 
Endarteritis  obliterans,  392 

syphilitica,  505  (Fig.  326) 
Endemic  disease,  258,  287 
Endocarditis,  450 

chronic,  454 

in  chorea,  453 

organisms  in,  309,  311,  312,  453 

pathology  of,  453 

ulcerative,  453  (Fig.  26C),  455,  567 

verrucosa,  454 
Endogenous  nerve-tracts,  5-14,  578 
Endophlebitis  proliferans,  391 
Endosporium,  330 
Endothelioma,  128 
I  Endothelium,  injury  to,  209 
|  Engorgement-stage  of  pneumonia,  470 
Enostosis,  115 
Enuresis,  251 

Eosinophile  leucocytes,  178,  180,  434 
Eosinophilia,  435 
Epiblast,  tumors  derived  from,  100 
Epidemic    meningitis.     See    Cerebrospinal 
mern'nffiti*. 

pneumonia,  408 
Epilejwy,  527,  531,  555 
Epiphysis,  in  rickets,  410 

tul>ercular  disease  of,  379 
Episimdias,  28 
Epitlielial  nests,  148 
Epithelioid  cells,  348 
Epithelioma,  147-151 

cells  of,  148  (Fig.  80) 

columnar,  151  (Fig.  83),  430 

squamous,  147 
Epithelium,  repair  of,  190 
Epulis,  fibrous,  107 

malignant,  120 
H<piinia,  395 

Ergot  of  rve,  eflects  of,  195,  530 
Erysi|»elas*,  212.  307,  309 
Erythrasma,  339 

Escape  of  blood-corpuscles  177,  200 
Exaltation  of  virulence,  2N0 
Exciting  causes  of  disease,  22,  183 
E\cito-motor  area,  lesions  of,  547 
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Excretion  in  fever,  233 

Exophthalmic   goitre,   22,   197,  208,  510, 

628 
Exoeporium,  336 
Exostosis.  114 
Expansion  of  bone,  1 26 
Extensor  resj>onse,  542 
Extension  of  disease,  methods  of,  23 
External   condition*,   disease   due   to,   20, 


557 


Extravasated  blood,  fate  of,  80 
Extrovcrsio  vesi<*a»,  28 
Exudation,  dropsical,  204-208 

inflammatory,  170,  177  (Fig.  !04) 

IjlACE,  development  of,  27  (  Fig.  1 ) 
;     epithelioma  of,  140 
Facial  nerve,  iiiHaimnatioii  of,  184 
Faval  listula,  434 
Faeces,  tubercle  bacilli  in,  345 
Fall  of  fever,  231 
Fare;-,  395 

Fast  lgi  um  of  fever,  231 
Fat,  composition  of,  48 

-eintxdisiii,  220  (  Fig.  122) 
-granules,  characters  of,  53 
necrosis  of,  37  ( Fig.  8) 
subcutaneous,    in    j>ernicious  ana'inia, 
430 
Fattening,  artificial,  5(5 
Fatty  accumulation   (infiltration),  47 
a  pi  »ea  ranees  of,  48 
etiology  of,  47 

in  connective  tissue,  48  (Fig.  12) 
in  heart,  57  (Fig.  17) 
in    liver  cells,   40    (Fig.    13),    54 

(Fig.  15) 
in  muscle,  50 
stmts  of,  40 
degeneration,  40 

api>ea ranees  of,  52 
etiology  of,  51 
ex|>erii!ients  on,  50 
of  bloodvessels,  til  (Fig.  21) 
of  capillaries,  62 
of  heart.  57  (Fig.  10),  310 
of  kidnev,  62 
of  muscle,  58  (  Fig.  18) 
of  tuliercles,  352 
results  of,  54 
terminations  of,  53 
heart,  57  (Fig.  17),  57  (Fig.  19) 
liver,  54  (Fig.  15i.  55  (Fig.  26) 
rupture  of,  226 
Fauces,  inflammation  of,  309 
Fa  vi  is,  337 

Fermentation,  263,  278 
Ferments,  270 

Fertilization  of  moulds  336 
Fever,  2M 

causition  of,  235 
cloud v  swelling  in,  45 
eflects  of.  232 
livMerical.  232,  236 
pathology  of,  234 
remittent',  232,  258 


Fever,  simple  traumatic,  235 

types  of,  232 

wasting  in,  44 
Fibrinous  inflammation,  417 
Fibroblasts,  171,  173,  348 
Fibro-endothelioma,  558 (Fig.  321) 
Fibroid  induration,  200,  388 

urine,  107 
Fibrolipoma,  110 
Fibroma,  1 06  (Fig.  45) 

cavernosum,  106 

elephantoid,  107 

tchtngiectaticum,  106 
Fihromyoma,  102 
Fihropsammomn,  108 
;  Fibrosarcoma,  1 18 
Fibrosis,  181 

of  lung,  477-4*1  (  Figs.  2S3,  2JM) 

of  tuUrcles,  352 

replacement,  41 
Filaria  sanguinis  hominis,  250  •  Kijf.  i:?7it 
254,  255  ( Fig.  110, 

jierstatis,  256 
Filaria*,  varieties  of,  254 
Fingers,  sui>en»uincrary,  29 
Fission,  reproduction   bv,  267   iFiif.  14-" I, 
206 

!  Fissures,  developmental,  28 
Fistula,  branchial,  27 

fiecal,  431 

intestinal,  28 
Fits,  547.     See  (hnvtiUioH*. 
Flagella  of  bacteria,  265,   266  (rV1** 
147) 

of  malarial  organism,  260 
Flagellated  organiMns,  250,  261 
Feet ux,  endocarditis  in,  450,  453 
Follicular  pharyngitis,  417 

ulcers,  415 
Foramen  ovale,  patent,  445 
Foreign  bodies  causing  thromliorts  209 
Fracture,  rejmir  of,  191-193  »Fig.  H»7i 
Fractures,  fat-emlndism  in,  226  (Kiir  1"*' 
Fragmentation  of  nuclei!*,  188 
Friedreich's  disease,  526,  583 
Function  and  structure1,  531 
Functional  activitv,  excessive,  1M.  "»•" 

disease,  21,  522 
Fungi,  264 
Fungus  luematodcH,  147 

Gall-stones,  4%  « Fig.  21121 
olistruction  from,  81,  497 
< iametocytes,  261 
(ranglion  cells,  calcification  of,  76 
<  Jangrene,  cause*  of,  31 
circumscribed,  34 
dialictic,  33 
dry,  :*3,  34  ( Fig.  6 ) 
from  end  vol  ism,  36 
inflammation,  32 
injury,  30 
thrombosis,  30 
hospital,  33 
moist,  33 
of  api>cndix  vermiformis,  426 
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Gangrene  of  lung,  473 

senile,  35 

spreading,  34,  101  (Fig.  90),  163  (Fig. 
92) 
traumatic,  33,  309 

varieties  of,  33 
Gases  formed  bv  bacteria,  280 
(Jastric  uleer,  419 
Gelatin,  liquefaction  of,  279 
Gemmation,  334 

General  paralysis  of  insane,  529,  563,  587- 

590  (Figs.  346-348) 
juvenile,  587 
Genu  valgum,  87 
Germicides,  271 
Giant-cells,  175,  348-350  (Figs.  192-196) 

in  leprosy,  387 

in  lupus,  380 

in  lymphadenoma,  414 

in  syphilis,  390 
Giant-cell  system,  174,  350  (Fig.  196) 
Giant-growth,  87 
Girdle-sensation,  542 
Glanders,  395 

etiology  of,  397 
G lands,  lymphatic.     See  Lymphatic  ylands. 

mesenteric,  in  typhoid  fever,  425 
Glandular  infection  in  inflammation,  186 
Glioma,  103,  557  (Fig.  322) 
Gliosis,  560 
Glossina  pa  pal  is,  262 
Glycosuria,  520 
Goitre,  exophthalmic,  516 
Gonoeoccus,  301,  310  (Fig.  169),  432,  448 
Gonorrhoea,  310 

myelitis  from,  552 

stricture  due  to,  419 

warts  caused  bv,  132 
Gout,  519 
Gram's  stain,  300 

Granulating  surfaces,  union  of,  168 
Granulation,  grav,  350 

tissue,    167  [Fig.  96 1,   168    (Fig.  97 1, 
171 
Granule  cells,  52,  569 
Granulomata,  infective,  185 
Graven*  disease.     Set*  (ivitre,  exophthalmic. 
Growths,  new.     See  Tumor  a. 
G tmimata,  174,  389-392  (Figs.  222,  223) 

of  nervous  system,  564  ( Fig.  325) 
Gyiuecophorie  canal,  256 

H.KMATOHLASTS  IN  FEVKR,  234 
Hematocele,  156 
HuMiiatogunous  pigmentation,  79 

pnlmonarv  tul>crculosis,  359 
Iliematnidin,  80  (Fig.  37),  200,  572 
i hematoma,  80 

of  dura  mater,  549 
HuMiiatozonn  malaria',  25K,  259  (Fig.  143) 
Hiematuria,  512 
Ha*mochromalosis,  492 
Ihemngcncsis,  436 
Haemoglobin  in  aniemia,  435,  436,  437 

in  fever,  234 
Haemolysis,  79,  292-294  (Figs.  155-157) 


Haemophilia,  444 
Haemorrhoids,  467 
Hemosiderin,  79 
ILemosporidia,  260 

Hair  affected  with  trichophyton,  338  (Fig. 
188) 

regeneration  of,  190 
Hallucinations,  531 
Hammerman's  palsy,  531 
Haptophore,  296 
Hare-lip.  26 
Healing  of  wounds,  164 

by  first  intention,  164,  165  (Fig. 

94) 
by  granulation,  166 
under  a  scab,  168 
Heart,  aneurysm  of,  457  (Fig.  269) 

brown  atrophy  of,  56 

diseases  of,  445 

fatty  accumulation  in,  57  (Fig.  17) 
degeneration  of,  59  (Fig.  19),  3J9 
hereditary,  22 

fibroid,  458 

hypertrophy,  446 
compensatory,  85 

in  fevers,  232 

in  pernicious  anaemia,  440 

malformations  of,  445 

pigmentary  degeneration  of,  56 

valvular  defects,  result  of,  199 
Heat,  injury  from,  36,  183 
Hectic  fever,  232 
Hemianesthesia,  548 
llemianopsy,  545,  548 
Hemiatrophy  of  brain,  557  (Fig.  320) 
Hemiplegia,  548,  569 

congenital,  555,  557  (Fig.  320) 

from  carotid  obstruction,  224 
Hemorrhage,  amentia  from,  195,  435 

cerebral,  569-572 

coagulation  of  blood  after,  212 

from  gastric  ulcer,  420 

from  venous  hyperemia,  200 

in  cirrhosis  of  liver,  494 

in  jRTnieioUH  aniemia,  439, 

in  pulmonary  tuberculosis,  362,  370 

in  typhoid  fever,  424 

meningeal,  572 

pancreatic,  497 

retinal,  439 
I  Ionization,  grav,  471,  472  (Fig.  280) 

red,  469-47 1*(  278,  279) 
Hereditary  ataxia,  526,  583 

chorea,  526 

disease,  19,  48,  464,  526 

tumors,  22,  99 

weakness  of  tissues,  19 
Heredity,  as  cause  of  disease,  22,  526 
Hernia,  umbilical,  28 
Hi))-joint,  congenital  dislocation  of,  30 
Hodgkin's  disease,  413 
HookleU,  hydatid,  247,  248  (Fig.  136) 
Horns,  130 
Hyaline  oV»generation,  65 

masses  in  rhinoscleroma,  398 

thrombi,  214 
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Hyaloplasm,  522 
Hydatid  cvsts,  247 

uterine,  100 
1 1  vd Hernia,  plethoric,  207 
Hydrocele,  158,  ls| 
Hydrocephalus,  551,  558 

junto,  373 

congenital,  20 
Hydronephrosis,  400 
Hydrophobia,  280 
Hydrops  of  joint,  381 
Hypenemia,  active  or  arterial,  19G 

anatomv  of,  201 

comiHMisatory,  197 

mechanical,  108 

passive  or  venous,  198 
of  liver,  201 
of  lungs,  20.** 

results  of,  107,  100,  283 
Hypenesthesin,  ."i42 
Hy|)erplasia,  81 
Hyperpyrexia,  232 
Hyi>ertrophy,  84 

coni|»ensatory,  85 

of  Ixine,  43,  85 

of  connective  tissue,  87 

of  heart,  44(>-448  (Figs.  255-258) 

of  thvroid  gland,  135 
Hyphie,  335 
Hyphomycetcs,  335 

conditions  of  life  of,  330 

jKithogcnic,  337 

reproduction  of,  335  >  Fig.  187) 
Hypnotic  state,  525 
Hyjtohlast,  tumors  derived  from,  101 
Hy|>os|Midias,  28 
Hy|K>static  congestion,  100 

pneumonia,  477 
Hysteria,  525,  527,  531 
Hysterical  pa ra lysis,  525,  531 

ICTERUS.     Sty  Jaundice. 
Ichthyosis  lingine,  132 
Idiocy,  526 

Idiopathic  muscular  atrophy,  526 
Imbecility,  520 
Immune  body,  293 
Immunization  to  anthrax,  317 

to  cholera,  290,  293 

to  diphtheria.  200 

to  plague,  326 

to  rabies,  287 

to  tetanus,  200 

to  typhoid-Uicilliis,  319 
Immunity,  287 

nature  of,  201 

theories  of,  205 

varieties  of,  287 
Imperforate  anus,  28 
lm|>etigo,  30s 

Incompetence,  valvular,  452 
Incontinence  of  urine,  542 
Indican.  5 Hi 
Indol,  280,  5H; 

Induration  of  lung,  brown,  203,204   (Fig. 
Ill),  488 


Infantile  jmralvsis,  554,  555 
Infarct  of  kidiiev.  222  (Fig.  121) 

of  lung,  228  (Fig.  124) 

red  ami  white,  223 
Infarction,  222 

of  heart,  457 

of  lung,  227-228  (Figs.  123,  124) 

|Kithology  of  red,  224 
Infective  disease,  262,  340 

embolus,  225 

fevers,  235 

granulomata,  185 

inflammation.  185 
Infiltration,  nihil  mi  nous,  45 

calcareous,  75-77 

fattv,  47 

varieties  of.  40 
Inflammation,  arrest  of,  186 

catarrhal,  415 

causing  gangrene,  33 

clinical  signs  of,  180 

crou)M>us,  417 

definition  of,  187 

diffuse,  282 

diphtheritic,  417 

dry,  of  serous  membrane,  430 

etiology  of,  18:; 

explanation  of  phenomena,  175 

fibrinous,  417 

infective  causes  of,  185 

of  ap|>cndLx  venniformis  425 

of  arteries,  461 

of  Imne,  404 

of  cartilage,  403  (  Fig.  230) 

of  central  nervous  svstem,  551 

of  cornea,  402 

of  endocardium,  450 

of  lungs,  467 

of  lymphatic  glands,  410 

of  mucous  membranes,  415 

of  |>eriosteum,  404 

of  serous  membranes,  430 

of  veins,  466 

plastic,  430 

proliferative,  173 

purulent,  432 

serous,  431 

simple,  160 

spread  of,  186 

suppurative,  170 

traumatic  causes  of,  183 

varieties  of,  182 
Inflammatory  fevers,  235 
Influenza,  325,  552 
Inherited  diseases,  22 

tendencies,  deferred,  10 
Injury,  effect  of,  on  arteries,  196 

reaction  to,  150 

subcutaneous,  183 
'  Inoculation,  protective,  2*8 
,  Insanity,  hereditary,  22 
Insular  sclerosis,  560 
Intermittent  fever,  232 
Internal  ca|*mlc,  lesions  of,  548 
Intestinal  olwt ruction,  430,  431,  497 

worms,  241-252,  531 
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Intestine,  actinomycosis  of,  400 
amyloid  diHea.sc  of,  74 
catarrh  of,  4 1 7 

comjRmsatory  hypertrophy  of,  86 
in  typhoid  fever,  422 
tuberculosis  of,  375 
tumors  of,  421) 
ulceration  of,  421 
amyloid,  74 
dysenteric,  427 
tubercular,    376-378   (Figs.    212, 

213) 
typhoid,  422-424  (  Figs.  238-240) 
Intra-utenne  disease,  20 
Introduction,  17 
Inverted  type  of  fever,  232 
Involucrum,  407 
Iritis,  syphilitic,  388 
Iron  in  liver  in  pernicious  anaemia,  439 

in  treatment  of  chlorosis,  437 
Irritant  poisons,  51") 
Irritation  and  rejKiir,  159 

JAUNDICE,  81,  419,  494,  497,  528 
Joint,  Charcot's  403 

chronic  suppuration  of,  175 
disease,  general  tulierculosis  from, 

286 
gonocoeci  in,  311 
tuberculosis  of,  381 
Juvenile  general  paralysis,  587 
l>ara lysis  (  Em),  586 

KAKKE,  530 
Karvokinesis,  188 
Keratitis,  402 
Kidnev,  adenoma  of,  135 

amyloid,  70-73  (Fig.  30) 

arteriosclerotic,  509 

cirrhosis  of,  505 

cystic,  155 

cvsts  of,  157 

diseases  of,  498 

fatly  degeneration  of,  62 

gouty,  505 

granular   contracted,    505-510   (Figs. 
299-302) 
otlema  in,  208 

hyj>ertrophv  of,  86 

infarct  of,  222  (  Fig.  121 ),  224 

inflammation  of,  184.     See  Xephriti*. 

internal  secretion  of,  519 

large  white,  /KM,  505  i  Figs.  297,  298) 
amvloid,  71 

malformations  of,  29 

small  white,  504 

surgical,  499 
Knee-jerk,  540,  541  (Fig.  312) 
Knife-grinder's  phthisis,  488 
Knock-knee,  87 

LACTIC  ACID,  in  osteomalacia,  407 
Ijindry's  para  lysis,  555 
l^arrlacein,  66 

I janlaccous  degeneration,  60.    See  Amijlnitl 
ile  tjr  iteration. 


Larynx,  tuberculosis  of,  358 
I^ittiyrism,  552 
I^averania  malaria*.  261 
Lead,  pigmentation  by,  82 
poisoning,  anaemia  in,  435 
effects  on  arteries,  464 
on  muscles,  56 
on  nerves,  530 
interstitial  nephritis  from,  506 
myelitis  from,  552 
Lecithin,  51,  539 
Leiomyoma,  101 
Lepnwells,  386 

mutilans,  384,  385 
Leprosy,  383-387  (Figs.  219-221) 

etiology  of,  386 
leptomeningitis,  548 
leptothrix,  269,  270 
Ijeuclueniia,  441 
Leucin,  495 

Leucocytes,  carriage  of  bacteria  by,  186 
of  fat  by,  52 
of  pigment  by,  81 ,  486 
embolism  by,  225 
emigration  of,  160  (Fig.  89),  161  (Fig. 

SHI),  177 
forming  fibrous  tissue,  173 
varieties  of,  178  (Fig.  105) 
I^eucocytluemia,  441 

amvloid  change  in,  68 
blood  in,  441-442  (Figs.  252,  253) 
bone-marrow  in,  443 
lymphatic  glands  in  443 
jmthology  of,  444 
spleen  in,  442 
varieties  of,  441 
Leucocytosis,  435,  441 
Leueopenia,  435 
Lightning-iiains,  581 
Limbs,  malformations  of,  29 
Line  of  demarcation,  35 
Lip,  epithelioma  of,  143 
lymphangioma  of,  106 
malformation  of,  27 
tubercular  ulcer  of,  375 
Lipluemia,  435 
Li  (Mima,  110  (Fig.  47) 

hereditary,  22 
Liposarcoma,  118 
Luiuor  puris,  172 
Litliopwdion,  76 
Liver,  atwcess  of,  257,  342,  489 

actinomycosis  of,  399  (  Fig.  228) 
acute  yellow  atrophy  of,  495 
adenoma  of,  136 
amyloid,  69,  70  (Figs.  27-29) 
cirrhosis  of,  490-495 
atrophic,  491 
biliary,  492,  493 
centnpetal,  489 
dysj>epti(\  492 
hyj>ertrophic,  492 
mixed  forms  of,  492 
multilobular,  490 
t>ericellular,  394  (Fig.  225).  492 

portal,490,491  (Figs.  290,291 1,493 
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Liver,  pericellular,  rare  forms  of,  492 
syphilitic,  174,  394 
diseases  of  489 

embolism  by  fragments  of,  221 
fattv  accumulation  in,  54-50  (Figs.  15, 

re) 

nutmeg,  55 

gumma  ta  in,  390-391  (Figs.  222,  223) 

hobnailed,  491 

in  leucocytluemia,  443  (Fig.  254) 

in  oernicious  aniemia,  439 

malignant  disease  of,  92  (Fig.  41) 

nutmeg,  201,  203  (Figs.  108,  109) 

passive  hvpenemiu  of,  201 

red  atrophic,  491 

regeneration  of,  190 

rupture  of  fatty,  220 

syphilitic  disease  of,  394 
Locomotor  ataxy,  576-583  (Figs.  337-340) 
Lung,  abscess  of,  473,  470 

actinomycosis  of,  400 

brown  induration  of,  204  ^Fig.    Ill), 
477 

collapse  of,  475 

consolidation  of,  366,  475 

fat-embolism  of,  220  ^Fig.  122) 

fibroid  thickening  of,  477 

gangrene  of,  313,  473 

infarct  of,  227,  228  (  Figs.  123.  124) 

inflammation  of.     Sec  l^uuiiumiti. 

passive  hypenemia  of,  203 

pigmentation  of,  48(5,  48S 

purulent  infiltration  of,  472 

suppuration  of,  472 

tuberculosis  of,   345,    359-371    (Figs. 
197-20S) 
Lupus  nodules,  174 
Lymph,  comijositiou  of,  177,  205 

effects  oi  abnormal,  527 

secretion  of,  205 
Lymphadenitis,  410 
Lymphadenoma.  413 
Lymphagogues,  206 
Lymphangioma,  105 
Lymphatic  glands,  diseases  of,  410 

infection  of,  by  liacteria,  186 

tumors,  91 
inflammation  of,  410 
in  lcucocythiemia,  442 
tuberculosis  of,  375  ^Fig.  21 1 ) 

lcucocythiemia,  441 
Lymphocytes,  177,  434,  442 
Lymphoevth  emia,  441 
Lymphogenous    pulmonary     tuberculosis, 

*361 
lymphosarcoma,  120  (Figs.  53,  54) 
l/vsis,  231 


MArKOTHKLIA,  87,  106 
Macrocytes,  430 
Macroglossia,  S7,  106 
Madura  f(M>t,  4^1 
Malaria,  25* 

amyloid  change  in,  67 
Males,  disease*  peculiar  to,  22 
Malformations,  congenital,  25-30 


Malformations,  of  brain,  26 

of  fac<»,  27 

of  heart,  445 

of  kidney,  29 

of  limbs.  29 

of  spinal  cord,  26 

varieties  of,  25 
Malignancy  of  tumors,  94 
Malignant  endocarditis,  455 

<edcma,  328 

pustule,  310 
Mullein,  397 
Malta  fever,  314 
Mamma.     See  Ilr&irt. 
Mania,  527 

acute  delirious,  52S,  531 
Marasmic  clot*,  21 1 
Marrow,  in  leucocythu'iniu,  443 

in   (temicious  anu-mia,  A'M\  { Fig.  SdU1. 
439  ,  Fig.  251 ) 

in  tvphoid  fever,  425 
Mast-cells,  178 
Measles,  552 
Meat,  tul>crculous,  345 
Mechanical  extension  of  disease,  23 

hypenemia,  198 

injuries,  183 
Meckel's  cartilage,  tumors  from.  S9.  '.*"> 

diverticulum,  28  <  Fig.  2) 
Mediastinal  growth,  120  i  Figs.  53,  54 1 
Megaloblasts,  438  <  Fig.  250) 
Megalocytes,  435 
Melancholia,  516,  527,  531 
Melanin,  81,  122 
Melanodcrmia,  81 
Melanosarcoma,  122 
Membrane,  false,  322,  417,  549 
Meninges,  inflammation  of,  54 

tuberculosis  of,372,373  (  Fig*.  209.2H' 
Meningitis,  549 

hnsic,  of  infants,  313,  549 

epidemic  cerebrospinal ),  313 

gummatous  5<>3 

pneumococcus  in.  313 

tul>creular,  372,  373  (Figs,  2U9,  2H». 
Meningocele,  26,  158 
Meningococcus,  313 
Meningomyelitis,  553 
Mercuric  chloride  as  germicide,  271 
Mercury,  pigmentation  by,  82 
Mesenteric  glands  in  typhi  ud  fever,  42-"» 
Mesoblast,  tumors  arising  from,  100 
Metaplasia,  8*3 
Micrencephalia,  26 
Micrococci,  jwthogenic,  305,  310 
Micrococcus,  definition  of,  269 

melitensis,  314 

ncoformans,  97 

septicus,  273 

uretc,  306 
Microcytes,  435,  4.% 
Micromyelia,  26 
Micro-organisms.     See  BaHeria. 
Mieros|>oron  endothrix  and   eetothrii,  3&» 

furfur,  339 

minutlssimum,  339 
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Miliary  aneurysms,  464    (Fig.   275),   569 
(Fig.  3$0) 

tubercles,  350 
Milk,  patches,  450 

tubercle  bacilli  in,  345 
Mitosis,  188 
Mitral  disease,  450 
Modification  by  past  disease,  23 
Mole,  26 

Mollities  ossiuin,  407 
Molliiscum  tibrosuin,  108 
Monoplegia,  545 
Monsters,  26 

Morbid  processes,  varieties  of,  25 
Mosouitoes  in  tilariasis,  254 

m  malarial  infection,  200 

in  yellow  fever,  329 
Mother's  marks,  104 
Motor  area,  lesions  of,  547 
Moulds  or  hynhomycetes,  333 

pathogenic,  337 
Mouth,  actinomycosis  of,  390 
Mucoid  degeneration,  62 
Mueor  mucedo,  335 

racemosus,  337 
Mucous  membrane,  adenoma  of,  136 
inflammation  of,  415 
passage  of  bacteria  through,  275 
transplantation  of,  194 

catarrh,  415 

polypi,  136 

tubercles,  388 
Multiple  sclerosis,  560 
Mummification,  33 
Muscle,  amyloid  degeneration  of,  67 

cloudy  swelling  of,  4<> 

fattv  accumulation  in,  50 
degeneration  of,  57 

repair  of,  100 

tumors  of,  101 

Zenker's  degenerat ion  of,  64  (Fig.  25) 
Muscular  atrophy,  idiopathic,  526 
progressive,  5S3 

puralvsis,  pseudohvpertrophic,  22,  84 
586 
Mycelium,  335 
Mycetoma,  401 
Mvcoderma  aceti,  272 

vini,  334 
Myelitis,  552 

acute,  552 

central,  553 

compression,  553 

diffuse,  553 

focal,  553,  575 

trans verne,  553,  575 
Myelocytes,  441 
Mveloevtluemia,  441 
Myeloid  sarcoma,  125 
Myeloma,  125 
Myelomeningocele,  26 
Myocarditis,  455 

diffuse,  456 

suppurative,  455 
Myoma,  101  (Fig.  42) 
Myomalacia  cordis,  456 


Myopathies,  primary,  586 
Myotatic  irritability,  541,  553 
Myxochondroma,  112 
Myxcedema,  517 
Myxolipoma,  110 
Myxoma,  108  (Fig.  46) 
Myxosarcoma,  118 

NjEVI,  104 
capillary,  104  (Fig.  43) 
cavernous,  105  (Fig.  44) 
cutaneous,  104 
melanotic,  81 
Nievo-lipoma,  100 
Nails,  favus  of,  338 

regeneration  of,  190 
tinea  of,  338 
Nasal  discharges,  diphtheria  bacilli  in,  322 

polypus,  109 
Necrosis,  31 

acute,  405  # 

coagulation,  36 

colliquative,  36 

from  cardiac  weakness,  32 

from  passive  hypenemia,  200 

from  physical  and  chemical   injuries, 

33 
from  thrombosis,  218 
of  1m me,  400 
of  fat,  37  (Fig.  8) 
of  kidney,  embolic,  36  (Fig.  7) 
of  myocardium,  31  ( Fig.  5) 
Negative  phase  in  immunity,  290 
Ncmatoda,  249 

Nephritis,  acute  consecutive,  499 
tubular,  501  (Fig.  294) 
chronic  consecutive,  499 
interstitial  505 
tubular,  503 
consecutive,  499 
glomerular,  501 
interstitial,  505 
parenchymatous,  500 
suppurative,  498 

tubular,  501-504   (Figs.  294-297) 
Nerves,  degeneration  of,  532,  533  (  Fig.  300), 
536  (Fig.  308) 
diseases  of,  535 
leprosv  of,  386 

repair' of,  533,  534  (Fig.  307) 
transplantation  of,  193 
Nervous  system,  development  of,  26 
central  degeneration  of,  535 

inflammation  of,  551 
effects  of  fever  on,  232 
hypenemia  of,  198 
morphology  of,  522 
pathology  of,  522 
regeneration  of,  532, 534  (Fig.  307) 
syphilis  of,  563 
Neuralgia',  22,  197,  208,  527 
Neurasthenia,  528 
Neurine,  539 
Neuritis,  535 

interstitial,  535 
leprous,  384 
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iivmu.  infected  with  di***?,  20 
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NruiiiLi'imiri,  53!J 

Uxjuru.  v.Tiim-nhii-..  24  ■             : 

N.'in..|iiii,  HrJ 

PACHYMENINGITIS,  B4B 

1      l':il;ii. ,  deft,  27 

am]  hi  ta  I  ion,  103 

fktie,  LOS 

!';I1I|1CI1>,  ill-.:.-.'    ill,     I'.IT 

Nmumm,  532 

iiilini.i  1    It'Li 1",    "il* 

■.Til in w)iirj:il  li ml  -|iii>oiiiMs<  iilar,  5311 

Puhuh,  403 

relations  nl.  5j  1 

l'ii|.illoi.in,  1'J-    :    ■ 

\i-ni.p|.;iiliii'  t-mdencT,  fiU 

I'tiradoxH-iil  ,Tiil...|i~iii.   /..'I 

Kctumk,  028,  531 

lempemniii  .  283 

Ni-iiii>iic  iioiHoiiK,  51.5 

l'.u>-ili,-l»,  642 

NM-bodi.-.,  638 

Pu  in  lysis,  arutr  n-viidinK,  555 

N,.l,->,  888 

-|iioiil,   BM 

Ninu:i,  SB 

BellX  BBS 

KomoUMH,  486 

Lull..,-.  BBfl 

» u.lru-',  .lirisiou  of,  188 

ii.rli.-,i-|.u:-.l.   BBS 

Nutrition,  arrested,  31 

diphtheria 

i.ii^in-,1.   in 

:..       ..■.-■ 

I,.>k-iiclll,  531 

in.  n-iL-i.il,  8ti 

Nutritional  disessni,  518 

infantile,  654,  "'■''■"' 

ABBOTT,  48 
U   odontoma.  US 

i,n, ■,„!,■  (E*     B8B 
landjj'i,  BBS 

(Edema,  177,  181,206 

■  if  uiu-i'li-.  .-IT,     i. 

■weak,  436 

ptwii(li>liv|niH.'[iliii    in  u-i  ula  r,  22,  H 

illll:irniii;il,,r-v.    181 

506     ' 

l.ililiui.Mlll.  328 

-|lill.'IIHI-llln-.       ■   I'1 

<K»u|>Ii;iuii»,  nmrliiiil  <!i'|jviii'rn(iiwi  of,  74 

Paraplegia,  tui . 

uilnTrukir  ii  li. -1  <>f,  37ti 

I';il'l-ili  -.    :iliiin:i  1.    BBS 

Oidiwn  rIUmih,  334 

calciKcatimi  of,  76 

Oil!  age,  ilim-HBW  of,  22.    See  ■*■«</■  ■I„i„,,i,. 

■mum-  Ol,  287 

mucoid  change  in,  83 

v.Wtiil.l...  Ml 

fjigocytlwri*.  afl 

r h;i utic  i * v  of  un 

OaaM  of  fwiT,  -ill 

Ptranrpbilitw  aflbctima.  BBS,  529,  BBS 

Onyx,  in--' 
Ookinete.  2(10 

Parotid -.  IBS 

l'loMeur's  treatment  for  ranie*,  288 

06eh«ritk  B]S 

0|.liiliiilriiiii,  Kim. .rrhrntl,  311 
OpMiniii-.   IB  I 

Pediculi,  23K-2JU   iFiK.    !_'., 

Pellagra,  BM 

Pelvi*  in  inteoHinbu'iii,  407 

thilic  nerve,  iilronliv  .if,  577 

in  rickets  410 

nmritk  BM     ' 

P.  RluhLgtM    (.  1    I 

IVoH-iUiiiui  ofaw ,  337 

Oroliitis,  181 

iwiiiMi..„..r  blood,  hB 

PeptODM,  27H 

GMefBk  404-408 

iVrforatio Inw  tin*    : 

defnrnmii*,  40(1 

.if  -i.iinii.li,  ii'ii 
PerUrteritM  noi  ■ 

OMMMffthrU^  (OB 

OMoehovdntM,  IIS 

IVri.-ar.liii>,   II- 

'  Meoid  li— lie,  112 

tiini i-.  ■):'.(■  ■  i  i 

Owttima,  114 

IVri.-nrdiuui,  ii.lli.uiii,  434,  HI 

denial,  11-5 

lV.ili..|K,ini>,  4yu 

hi'ifditm-v,  22 

lVriin-]ihri(K  512 

v.r.ci,-.  .1.111 

OMMoudada,  407 

lVrio-u- ,  "mil 

lR11IS|l|i 1  ilHI    Hi        1  '' 

OMaonmlitia,  SM,  283,  2811,  308,  404,  405 
OataopflTta,  IK 

IViii-liti-,  .Mi: 

j.rolir.-i-jiiv.',  404 

Oweosar. IM 

MW>  40-1 

Odtfa,  pUWWMCBBi  ill,  818 

c>vo  of  ]jnm«mi,  251  (Fit  i;*8) 

Ominn  <-y.K  lll.'i  (Kip,   Ulli,  158 

lUiniuraltTi 

^phililic,  388 

lofn'iTiiliii    ■:',- 

llllll'T",  513 

r-  riihtwl 886 

<|'.  in.  .i.I.o.hoii  ..f,  1.*i4,SI3 

1'i-ril -ion,  lu'linnir  of,  lonrd  anpMM 

gMHH  •''.  BIB 

88B 

internal  ■MMMluu  of,  518 

inilin jii.mi  nl.   177 
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Peritonitis  in  oeri typhlitis,  426 

in  typhoid  fever,  424 

pneumococcal  in,  313 

tubercular,  433  (Fig.  247) 
Pernicious  antenna,  437.     See  Amzmia 
Phagocytosis,  180,  292 
Pharyngitis,  follicular,  417 
Pharynx,  tuberculosis  of,  375 
Phlebitis,  209,  466 
Phleboliths,  76,  214,  467 
Phlebosclerosis,  467 
Phlegmasia  dolens,  218,  219 
Phosphatic  calculi,  511 
Phthisis,  359,  488.     See  Tuba-cub*!*,  ;>m/- 
monanj. 

collier's,  488 

laryngeal,  358 
Pianoforte-player's  cramp,  531 
Pigment,  bacterial,  280 

derived  from  muscle,  58 

due  to  cell-action,  81 

emboli,  225 

from  bile,  81 

from  blood,  79 

from  foreign  bodies,  82 

hematogenous,  79 

in  malaria,  258,  2(R) 

varieties  of,  79 
Pigmentary  changes,  79 

degeneration  of  heart,  60 
Pigmentation,  79 

from  congestion,  201 

in  sarcoma,  123 

of  lung,  486 
Pigmented  cells,   81    (Fig.  38),  123  (Fig. 

59) 
Piroplasma,  262 
Pituitary  body,  519 
Pityriasis  versicolor,  339 
Plague,  bacillus  of,  325 
Plasma  cells,  173 
Plasmodium  malaria',  261 

vivax,  261 
Plate  cultures,  303 
Platelet  crisis,  212 
Pleomorphic  bacteria,  268 
Pleurisy,  hl<x>d  in  cases  of,  212 

fibrosis  of  lung  from,  478,  481 

in  pneumonia,  478 

pneumococcus  in,  314 

purulent,  434 
Pleurogenic  fibrosis  of  lung,  481 
Plumblsm,  4(v4,  530.     See  Lead-pHntming. 
Pneumatogenous    pulmonary  tuberculosis, 

362 
Pneumobacillus,  311 
Pneumococcus,  312 
Pneumoconiosis,  486 
Pneumomycosis,  338 

Pneumonia,  acute  croupous,  467^473  (Figs. 
278-280) 

bacteriology  of,  311 

chronic,  473,  477, 480  (Figs.  283,  284) 

hypostatic,  477 

lobular    or  catarrhal,  473-477    (Fig. 
281)  I 


Pneumonia,    interstitial,    477-481    (Figs. 
282-284) 

syphilitic,  478 

white,  478 
Poikilocytes,  435,  436,  438  (Fig.  249) 
Poisons,  514 

effect  of,  on  nervous  system,  528 

excretion  of,  515 

selective  action  of,  528 
Polioencephalitis,  551,  556 
Poliomyelitis,  554 
Polvcvtluumia,  435 
Polyneuritis,  535 

causes  of,  530 
Polypus,  mucous,  136 

nasal,  109 

rectal,  136 

uterine,  101,  136 
Pons  Varolii,  lesions  of,  548 
Porencephalia,  26,  556 
Port-wine  stains,  104 
Post-mortem  changes,  37 

decomposition,  38 

discoloration,  38 

rise  of  tcm|>erature,  234 

staining,  37 
Pott's  disease,  406 
Precipitation,  299 
Precipitins,  299 

Predisposing  causes  of  disease,  21,  183 
Predisposition,  283 

local,  356 
Pregnancy,  blood  in,  212 

pigmentation  in,  81 
Pressure-atrophy,  42 

removal  of,  199 
Primary  lateral  sclerosis,  583 

progressive  mvo  pat  hies,  584  J 
Proglottides,  242 

Progressive  muscular  atrophy,  583 
Prostate,  adenoma  of,  135 

amyloid  bodies  in,  75 

hyi>ertrophy  of,  87 
Protagon,  539 
Proteus,  285 

Protozoa,  jmrasitic,  97,  257 
Psammoma,  108,  558 
Pseudodiphtheria,  322 
Pseudohvjjertrophic  muscular  paralysis,  22, 

84,586 
Pseudomucin,  62 
Pseudotuberculosis,  350 
Psychoses,  531 
Ptomaines,  280 

Pulmonary  artery,  stenosis  of,  445 
Pupil,  Argyl-Robertson,  529,  581 
Purpura,  444 
Purulent  catarrh,  415 

infiltration  of  lung,  472 

inflammation,  432 

pleurisy,  434 
Pus,  172  (Figs.  100,101) 

blue,  280 

tubercle  bacillus  in,  300 
Pustule,  275 

malignant,  316 
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Putrefaction,  35 

Putrefactive  organism*  274,  276,  278 

Pya?mia,  308,  342 

metastatic,  308 

portal,  342 
Pyelitis,  suppurative,  512 
Pyelonephritis,  512 
Pylephlebitis,  342,  489 
Pylorus,  carcinoma,  of,  42*.)  (Kip.  244) 
Pyonephrosis,  512 
Pyosalpinx,  31 1 
Pyosis.  306.     Sec  Supptmttion. 
Pyrexia.     See  /Vrvr. 

QUARTAN   A<H'K,258 
Quinine,  action  of,  170,  262,  331 
quotidian  ague,  258 

RABIES,  280,  520 
Ranula,  158 
Reaction  to  injury,  150,  187 
Receptors,  206 
Recovery,  24 
Rectum,  atrophy  of,  after  colotomy,  43 

]M>lypus  of,  136 

prolapse  of,  251 
Referred  pains,  532 
Reflex  action,  541  (Fig.  312) 

effects  of  jwrasitcs,  251 

hyperemia,  107 

inflammation,  184 

spinal  tonus,  542 

superficial,  542 
Regeneration.     See  Tfr/xnV. 

of  capillaries  180  i  Fig.  106) 
Relapsing  fever,  320 
Remittent  fever,  232,  258 
Renal  calculus,  510,  512 

dropsy,  207 

epithelium,  repair  of,  190 
Re|mir,  188-103 
Resistance  of  individuals,  10,  24 

of  tissues,  20,  24,  185 
Resolution  of  bronchopneumonia,  477 

of  lobar  pneumonia,  4 7." I 
Respiration  in  fever,  233 
Resting  sjmhvn  336 
Retardation    of     blood-stream,     160,     176, 

210 
Relent  ion-cysts,  155,  410,  500 
Retinal  hemorrhages,  430 
Retinitis  pigmentosa,  22 
Rhalxlomyomn,  1 01 
Rheumatic  intlainmation,  184 

poison,  ~?2S 
Rheumatism,  blood  in,  212 

endocarditis  in,  453 

myocarditis  in,  456  ■  Fig.  2(>8) 

Mrvptoeotvi  in,  300 
Kliituwlcnuna,  308 
Riein,  immunitv  to,  51  1 
Rickets,  408 
Rider's  tame,  114 
Rigor,  231 

mollis,  38 
Rodent  ulcer,  150 


SACCHAROMYCETES,  334 
Sago-spleen,  73 
Salivary  glands,  wasting  of,  43 

nyi>ertrophv  of,  86 
Sapnemia,  235,  340  * 
Sareina  flava,  280 
Sarcinae,  310 
Sarcoma,  116 

alveolar,  121  (Fig.  55) 

angio,  127 

calcifying,  118,  125  (Fig.  60) 

clinical  characters  of,  118 

dissemination  of,  110 

lympho,  120  (  Fiip*.  53,  W  ) 

maliirnanev  of,  110 

melanotic,'  122,  123  \  Fig.  50) 

mode  of  growth  of,  118 

myeloid,  125,  126  I  Fig.  62) 

of  nervous  system,  557 

ossifying,  125  (Fig.  61) 

osteo,  124 

|>crithclial,  127 

physical  characters  of,  117 

roumU-elled,  110  (Fig.  52) 

seats  of,  1 1 8 

secondarv  changes  in,  117 

spindle-celled,  121-124  (Fig^56^>^i 

structure  of,  116 

varieties  of,  118 
Scab,  healing  under,  168 
Scald,  result  of,  418 
Scar  tissue,  174,284 
Scarlatina,  heart  in.  232,  453,  456 

myelitis  in,  552 

nephritis  in,  5o0 
Scirrho  enccphaloid,  144  (Fig.  75) 
Scirrhus,  144,  145  <  Kiir.  76 1 

atrophic,  146 

physical  characters  of,  146 

seats  of,  146* 
Schizomycetes,  2(V4 
Sclerosis,  537,  553 

amyotrophic  lateral,  58-1 

combined,  583 

disseminated    eeiebmspiual,    5(io-5fi:{ 
(  Figs.  :J23,  324  ) 

of  Ik  me,  406 

primary  lateral,  583 
Scolex,  243,*  248  (Fig.  136) 
tt-rofula,  382 
Scrofulodermia,  CV>  I,  3K2 
Scur\*y,  444 

Sebaceous  glands,  adenoma  of,  136 
Secretion,  lvtention  of,  516 

excess  of,  516 
Sedimentation,  290 
Senile  changes,  78,  464 
Sensation,  disturbance  of,  512 
Septa  of  heart,  defective,  445 
Septic  infection,  340 

intoxication,  340 

poisoning,  235 
Septicemia,  340,  341 

of  mice,  270 
S*«|iiestnim,  370,  407 
Serous  catairh,  415 
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Serous  membranes,  diseases  of,  430 
Serum,  antianthrax,  317 

antidiphtheritic,  290 

antiplague,  320 

antitetanus,  328 

antitoxic,  290,  514 

bactericidal,  291 

polyvalent,  294 

therapeutics,  290 
Sewer-gas,  effect  of,  323 
Sex,  as  cause  of  disease,  22 
Side  chains,  290 
Siderosis,  488 
Silicosis,  488 
Silver  nitrate,  action  of,  183 

pigmentation  by,  82 
Skin,  bacteria  on,  275 

glanders  of,  39") 

grafting,  193 

in  pernicious  anu'inia,  439 

tuberculosis  of,  382 
Sleep,  525 

Sleeping-sickness,  202,  530 
Slough,  35 
Small-pox,  202 

pustule,  170  (Fig.  99) 
Smegma  bacillus,  209,  270 
Snake  venom,  514 
Sodium  biurate  in  gout,  404 

qtiadri  urate,  404 
Soft  sores,  128 
Softening,  cerebral,  500 

grav,  553 

of  thrombi,  214 

of  tuberculosis,  353 

red,  551,  508 
S|>ermatozoon  infected  with  disease,  20 
Sphacelus,  35 
Spina  bifida,  20 
Spinal  canal,  malformation  of,  20 

cord,  degeneration  of,  535-544 
functions  of,  544 

symptoms  of  disease  of,  544 
Spine,  caries  of,  .'554 
Spirilla,  pathogenic,  329 
Spirillum  cholene,  330  (  Fig.  184) 
toxines  of,  280,  332 

definition  of,  209 

of  relapsing  fever,  .329 
Spiroclueta,  209 

obermeieri,  329 
Spleen,  amyloid,  73  ( Fig.  32) 

in  leucocvlhaMiiia,  442 

in  typhoid  fever,  425 

removal  of,  87 

sago,  73 
Splenic  aneemia,  444 
Splenomedullary  lcucocythamiia,  441 
Spongioplasm,  522 
Sporangiophore,  330 
S|K»rangium,  336 
Spore  formation,  268 
Sporozoa,  260,  202 
Sputum  of  bronchitis,  488  (Fig.  289) 

pneumonic,  313,  488 

tubercle  bacillus  in,  300,  345 


Stab-cultures,  304,  305  (Fig.  103,  164) 
|  Staining,  methods  of,  300 

post-mortem,  37 
Staphylococcus,  definition  of,  209 

pyogenes  albus,  300 

aureus,  68, 170, 275, 306,307  (Figs. 
165,  167),  453 
Staphyloma,  402 
Stasis,*  101 

Stenosis,  valvular,  452 
Sterigmata,  330 
Sterilization,  272,  302 
Stomach,  amyloid  disease  of,  74 

catarrh  of,  410 

tubercular  ulcer  of,  370 

tumors  of,  428 

ulcer  of,  419 
Strain,  effects  of,  404 
Strangulation  of  gut,  22 
Streptococcus,  definition  of,  269 

erysij)elatis,  287,  309 

of  rheumatism,  314 

pyogenes,  300-307  ( Figs.  100, 108),  342 
Streptothrix,  401 
Stricture  of  ducts,  23,  419 

of  urethra,  23,  419 
Strobilus,  242 
Strongylus  vasorum,  349 
Strumous  nodule  and  aliscess,  353 
Strychnine,  action  of,  514 
Stump,  conical  from  gangrene,  35 

neuromata  in,  103 
Suppuration,  185 

amyloid  change  due  to,  (\H 

atrophy  from,  44 

bacteria  of,  300 

chronic,  175 

diffuse,  172,  342 

etiology  of,  185 
!  Sweat-glands,  adenoma  of,  130 
Sweats,  critical,  231 
Swelling,  cloudy.     See  Cloudy  welling. 
Sympathetic,  inhibition  of,  197 
Symptoms  and  signs,  18 
Syncytium,  153 
Synovial  membrane,  thickening  of,  175 

tuberculosis  of,  381 
Synovitis  tuberosa,  381 
Syphilis,  387 

acquired  in  utero,  20 

after-effects  of,  23 

amyloid  change  in,  00,  395 

as  cause  of  general  jMiralysis,  387 

congenital,  395 

contrasted  with  tuberculosis,  392 

endarteritis  from,  404,  505  (Fig.  320) 

etiology  of,  393 

I>erihe|>atitis,  489 

primary  lesion  of,  388 

secondary  lesion  of,  388 

tertiary  lesion  of,  388 
Syphilitic   disease    of  arteries,   393    (Fig. 
224),  392,  402,  504-505  (Figs. 
325,  320) 
of  central  nervous  system,  503 
of  liver,  394 
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Syphilitic  pneumonia,  478 

poison,  529 

tumors,  389,  556,  563 
Syphilococeus,  394 
Syphilomas  389,  563 
Syringomyelia,  560,  562  (Fig.  324) 
Syringomyelocele,  26 


WABES  DORSALIS.  See  Locomotor  ataxia. 
L     Taenia  cnnina,  245 

eehinococcus,  244  (Fig.  130),  245 

nana,  245 

saginata,  242  (Fig.  127),  244  (Fig. 

131),  244  (Fig.  133) 
solium,  243,  244,  245  (Figs.  129, 
132) 
Tapeworms,  242-248 
Tattooing,  83 
Temj>erature  of  body,  230 

rise  of,  post-mortem,  234 
Tendency  to  disease,  19 
Tendon  reflex,  540-542 
Teratoma  ta,  154 
Termination  of  disease,  24 
Tertian  ague,  258 
Testis,  atrophy  of,  42 

tumors  of,  114 

secretion  of,  518 
Tetanus,  326,  529.     See  BaciUu*  tetanu 

jKKt-niortem    rise  of   tcmiierature   in, 
234 

senim  treatment  of,  328 
Tetany,  531 
Tetrads,  269 
Thermoamesthesia,  542 
Thermogenesis,  234 
Thennotaxis,  235 
Thiothrix,  270 
Thorax,  rickety,  410 
Threadworms,  249 

Thrombosis,  208,  210  (Fig.  112),  211  (Fig. 
113) 

causes  of,  208 

cerebral,  566 

results  of,  218 
Thrombus,  arterial,  213  (Fig.  114) 

calcification  of,  214 

canalization  of,  216,  217 

changes  in,  214 

characters  of,  212 

fibrinous,  214 

hyaline,  214 

leucocytic,  214 

obstructive,  213 

organization  of,  216,  217  (Figs.  116, 
117) 

parietal,  213 

production  of  emboli  by,  219 

red  and  white,  213 

secondary,  221 

softening  of,  214 
Thrush,  334 
Thymus,  atrophy  of,  43 
Thyroid,  adenoma  of,  135 

hy|HTtrophy  of,  135 

secretion,  deficiency  of,  517,  528 


Tinea  circinata,  339 

kerion,  339 

sycosis,  339 

tonsurans,  338 

unguium,  339 
Tissues,  bacteria  in,  1*75 

repair  of,  188 

staining  of,  300 

transplantation  of,  !93 
Tobacco,  action  of,  197 
Toes,  sii|»ernuiiieniry,  29  (Fig.  4) 
Toluylenediamiue,  effects  of,  410,  51 
Tongue,  epithelioma  of,  143 

in  fever,  233 

lymphangioma  of,  106 

luliercular  ulcer  of,  375 

wounds  of,  190 
Toruhe,  304 
Toxincs,  extra  ami  intracellular,  278 

nature  of,  279 
Toxoid  and  toxone,  295 
Toxophore,  296 
Tramv,  525 

Transplantation  of  tissue,  193 
Trematoda,  256 

Trichina  spiralis,  251-253  (Figs.  138 
Trichinosis,  253 
Trichophyton   tonsurans,  varieties  i 

(Fig.  188) 
Trophic  influence,  544,  560,  579 
Tropical  abscess  of  liver,  489 
Trv]Kinosoma,  262,  329 
Tube  cultures,  303 
Tubercle  bacillus.  See  Bacilln*  htbrir 
Tubercles,  348-351  (Figs.  195,  196) 

cells  in,  351 

conglomerate,  351,354 

miliary,  348  (Fig.  192),  350 

mucous,  388 

secondary  changes  in,  352 
Tubercular  disease.     See  Tubrrculrmu 

foci,  calcification  of,  77,  352 

meningitis,  356,  372,  373  (Fijr 
210) 

osteomyelitis,  378 

]>eriostitis,  378 

peritonitis  433 

tumors  in  brain,  558 
Tuberculin,  291,  358 
Tul>erculo8is.  343 

acquired:  in  utero,  20,  346,  357 

acute  general,  355 

bacillus  of.     See  Bari/tu*  tubrm 

etiology  of,  357,  371 

hereditary  disposition  to,  20.  3o« 

immunization  to,  344,  358 

in  children,  346 

l<K*al,  355 

modes  of  infection  with,  345 

of  alimentary  tract,  375 

of  Ikmics,  378 

of  cartilage,  380 

of  intestine,  376 

of  joints,  378 

of  kidney,  371 

of  larynx,  358 
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Tuberculosis  of  lymphatic  glands,  374 

of  lungs.     See  J\  p*dmim*tni. 

of  pia  uialer  ami  brain,  372 

of  skin,  347,  382 

of  synovial  membrane.  381 

of  trachea,  359 

origin  of  infection  in,  345.  346 

pulmonary,  359-371  tKigs.  197-208 t 

spread  uf,  354 
Tuiiioralbus,  381 
Tumors,  88 

absence  of  function  of,  01 

calcification  of,  77 

cerebral,  556 

symptoms  of.  558 

characterisiics  of,  88 

circumscribed.  1K> 

classification  of,  100 

clinical  course  of,  93 

cvstic,  155 

effects  of,  93 

etiology  of,  94 
glandular,  135 

infection  in,  91 
berediuiry  nature  of,  22,  95 
homologous  and  heterologous,  89 
independent  growth  of,  88 
infiltration  by,  89  (Fig.  39) 
innocent  and  malignant,  93,  94 
nature  of  secondary  growths,  92  (Fig. 

of   intestine,  429 

of   parotid,  135 

of  stomach,  428 

i-eeurrence  and  generalization  of,  91 

renal,  96 

retrogressive  changes  in,  90 

structure  of,  88 

theories  of,  95 

villous,  130 
*  **r_>entine,  action  of,  500 
"  ***  ignite*,  434 
"  I»*?writer,s  cramp,  531 
"  K»lioi<i  fever,  421 

Ikici  llus  of.     See  HacUlas  typhmt*. 

complications  of,  421 

diagnosis  of,  299,  319 

immunity  to,  319 

liver  abscess  from,  489 

myelitis  in,  553 

nephritis  in,  500 

repair  of  muscle  in,  190 

ulcers  in,  422-424  ( Figs.  237-240 ) 

Zenker's  degeneration  in,  04  (Fig.  25), 
421 
^yVliiw  fever,  314 
£v rosin,  495 
rYr<ithrix,  27:? 


x, 


LCER,  annular,  377 
atheromatous,  403 
corneal,  402 
follicular,  415 
gastric,  419  (Fig.  230) 
|  k' rf orating,  579 
rodent,  150  (Fig.  82) 

S0 


riceration,  173 
dysenteric,  427 
of  ltronchi,  369 
of  intestine,  376,  421 
syphilitic,  392 
tVphoid,  423 

ami  tubercular,  376,  378,  421 
secondary,  424 
Umbilical  curd,  developmental  defecl>  in, 

«^ 

obliteration  of  vessels  in,  43 
Umhilication  of  new  growths,  53 
l~rach us,  persistent,  28 
Unemia,  510,  528 
Urea  in  fever,  233 

in  parenchymatous  nephritis,  500 
Ureter,  malformations  of.  29     , 
Urethra,  stricture  of,  419 
Urethral  caruncle,  102 

catarrh,  417,  419 

obstruction,  499 
Urinary  calculi,  510 
Urine,  bloody,  from  Bilharzia,  256 

diabetic,  toruhe  in,  334 

fermentation  of,  300 

in  amyloid  kidnev,  71 

in  fever,  233 

in  |H»rnicious  aua»mia,  439 

olistructioti  to  How  of.  Mi 

tubercle  bacillus  in,  300,  345 
Urobilin,  233 
Uterus,  adenomvoma  of,  130 

fibroid  of,   i<>2,  107 

hydatid  of,  109 

hyjicrtrophy  of,  85 

myoma  of,  101  (Fig.  41) 

polypus  of,  102 

pres>ure  of  gnivid,  199 

suhinvoliitcd,  87 


V 


AC  "CI  NATION      ACSAINST     rllOL- 
KKA,  290 
typhoid  fever,  302 


Vaccinia,  314 
Valve,  mitral,  disease  of,  450 
Valves  of  heart,  aneurysm  of,  454 
endocarditis  of,  450 
malformation  of,  445 
Variola  acquired  in  litem,  20 
micrococci  in,  314 
protozoa  in,  203 
Varix,  211 
Vasomotor  nerves,  inhibition  of,  197 

irritation  of,  195,  197 
Vegetable  jKirasitcs,   203 
Veins,  congestion  of,  198 
inflammation  of,  100 
varicose*,  212,    107 

pigmentation  from,  81 
tliromlxisis  of,  21 1 
Vertebra*,  caries  of,  175,  354 
Vesical  calculus,  511  (Fig.  303) 
Vessels,  formation  of  new,  189 
Vibrio  cholera*.     See  Spirillum  cfmlenr. 

definition  of,  209 
Villon    tumors,  129,  130  (Figs.  01,  05) 
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INDEX. 


Violinist's  cramp,  581 
Vomica,  354.    See  Cavities. 

WALLER1AN        DEGENERATION, 
532-533 
Wart*,  129  (Fig.  64) 

melanotic,  129 
Waste,  diminished,  80 
Waxy  degeneration.     See  Amyloid  degen- 
eration. 
Webbed  fingers  and  toes,  29 
Wens,  107 
WThite  legs,  218 

swelling,  354 
Whooping  cough,  314 
Widal's  reaction,  320 
Wolffian  body,  atrophy  of,  43 
Women,  special  diseases  of,  22 
W'oolsorter's  disease,  317 
Word  blindness,  547 


Word  deafness,  547 
Worms,  parasitic,  242-257 
Wounds,  diphtheria  of,  418 

healing  of,  104 
Writer's  cramp,  531 


VANTII1N,  444 


y  EASTS,  334 


ZENKER'S      DEGENER ATK  )N, 
(Fig.  25) 
Ziehl-Neelsen  stain,  300,  301 
Zinc  chloride,  action  of,  159,  183 
Zooglopa,  definition  of,  269 
Zygopsore,  336 
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Violinist's  cramp,  631 
Vomica,  354.     See  Cnritir*. 

WALLER1AN        DEC  JENEKATN  )N, 
532-533 
Wart*,  129  (Fig.  (54 1 

melanotic,  129 
Waste,  diminished,  H(> 
Waxy  degeneration.     See   Amyloid  drtjnt- 

emtion. 
Webbed  fingers  and  toes,  29 
Wens,  107 
White  legs,  218 

swelling,  354 
Whooping  cough,  314 
Widal's  reaction,  320 
Wolffian  body,  atrophy  of,  43 
Women,  special  diseases  of,  22 
Woolsorter's  disease,  317 
WTord  blindness,  547 


Word  deafnesH,  547 
Worms,  |»arasitic,  242-257 
Wounds,  diphtheria  of,  418 

healing  of,  1  64 
Writer's  cramp,  531 


x 

Y 


ANTII1N,  444 


EASTS,  334 


7ENKEKS      DKCKXKRATH  >N\ 
/J        (Fig.  25. 
Ziehl-Neelscn  Main,  300,  3ol 
Zinc  chloride,  action  of,  159,  \f<i 
Zooglrpa,  definition  of,  269 
Zygopsore,  336 
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